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Feline mammary adenocarcinoma:
tumor size as a prognostic indicator

Jodi R.Viste, Sherry L. Myers, Baljit Singh, Elemir Simko

Abstract — Mammary carcinomas and adenocarcinomas (MACs) are relatively common tumors
in cats. The postexcisional survival period of affected catsisinversely proportional to tumor size,
but the reported median survival periods for different tumor size categoriesis quite variable. This
variability diminishes the prognostic value of reported data. In our study, cats with MACs greater
than 3 cm in diameter had a 12-month median survival period, whereas those with MACs less than
3 cmin diameter had a 21-month survival period. Survival periods for cats with MACs smaller than
3 cm ranged from 3 to 54 months; therefore, tumor size alone is of limited prognostic value in cats
with MACs smaller than 3 cm in diameter. In cats with MACs larger than 3 cm in diameter,
tumor size appears to have much higher prognostic relevance, because this study, as well as others,
have indicated that cats with MACs greater than 3 cm in diameter have a poor prognosis, with median
survival periods ranging from 4 to 12 months.

Résumé — Adénocar cinome mammaire félin : lataille delatumeur comme facteur pronostic.
L es carcinomes et adénocarcinomes mammaires (ACM) sont des tumeurs relativement fréquentes
chez le chat. Le temps de survie suite al’ excision est inversement proportionnel alataille de latumeur,
mais |a durée médiane de survie rapportée pour les diverses catégories de grosseurs de tumeurs est
tout afait variable. Cette variabilité diminue la valeur pronostique des données rapportées. Dans notre
étude, les chats présentant des ACM de plus de 3 cm de diamétre avaient une médiane de survie de
12 mois alors que ceux présentant des ACM de moins de 3 cm de diamétre avaient une médiane de
survie de 21 mois. La durée de survie des chats présentant des ACM plus petits que 3 cm variait de
3 a54 mois; par conséquent, lataille seule de latumeur est d’ une valeur pronostique limitée chez
les chats présentant des ACM plus petits que 3 cm de diamétre. Chez les chats dont les ACM dépas-
saient 3 cm de diametre, la taille de la tumeur semblait avoir une pertinence pronostique plus
grande, car cette étude, tout comme les autres, arévélé que les chats présentant des ACM de plus de
3 cm de diamétre avaient un mauvais pronostic, avec une durée médiane de survie comprise entre

4 et 12 mois.
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Introduction

F eline mammary gland tumors rank third in fre-
quency, following lymphoid and cutaneous neo-
plasms (1-4). Most feline mammary tumors have a
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malignant appearance on microscopic examination, and
alarge proportion are life-threatening even after complete
excision (1,2,5-7). A statistically significant correlation
between tumor size and postoperative survival period of
cats has been acommon finding (8-11). The postexci-
sional survival period of cats with mammary carcinomas
and adenocarcinomas (MACSs) greater than 3 cm in
diameter has been reported to be 6 mo or less (8,9,11).
Some retrospective studies found that the postexci-
sional survival period of cats with MACs less than 3 cm
in diameter was 12 mo or less (8,11), but MacEwen et a
(9) reported that cats diagnosed with MACs smaller
than 2 cm survived for 54 mo and those with MACs 2 to
3 cmin diameter survived for 24 mo.

Human and veterinary pathologists are constantly
faced with determining prognoses for patients with
different types of tumors. Contrary to the situation in
human medicine, there are limited retrospective studies
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in veterinary medicine that have investigated prognosis
and survival period in animals with tumors. In addition,
these few studies and review papers have sometimes gen-
erated inconsistent results, as exemplified by the variable
lengths of survival period for cats with MACs of various
sizes. Consequently, veterinary pathologists are faced
with the relevance of the size of feline MACs as a
prognostic factor. The purpose of this study was to
determine the survival period of catsin western Canada
with histologically diagnosed and surgically excised
MACs and to determine if the size of feline MACs
could be used as areliable prognostic factor.

Materials and methods

Data collection

Biopsy reports of 59 cats diagnosed with proliferative
disorders of mammary glands by the Department of
Veterinary Pathology and Prairie Diagnostic Services
between 1989 and 1999 were reviewed. The histologic
diagnoses were as follows: 13 fibroadenomatous hyper-
plasias, 9 mammary adenomas, and 37 MACs. Survey
forms were sent to veterinary clinics that submitted
MACs to acquire the following information: i) tumor
location, size, and gross appearance (solitary vs. multiple,
well-circumscribed vs. invasive/non-movable); ii) treat-
ment; and iii) duration before excision, postexcisional
behavior, and eventual outcome. If tumor size was not
indicated in the survey forms or clinical histories, the size
of the formalin-fixed tumor was used, as recorded in the
pathology gross descriptions.

Terminology

Survival period was defined as the time from first detec-
tion of the tumor to either the time of death or the date
on which the cat was last known to be alive. Post-
excisional survival period was defined as the time from
excision of the tumor to either the time of death or the
date on which the cat was |last known to be alive. Tumor-
free interval was defined as the time from excision of the
tumor to the date on which the tumor first recurred,
the date of death, or the date on which the absence of
recurrence was confirmed, if the cat was still alive.

Statistical analysis

Statistical analysis of collected data was performed
using statistical software (GraphPad Prism 3.00;
GraphPad Software, San Diego, California, USA). The
Kaplan-Meier product limit method was used to gener-
ate survival and tumor-freeinterval curves (12). Death
or euthanasia due to tumor related problems (repeated
local recurrence, distant and local metastasis) or pro-
gressively deteriorating health status of unknown cause
was considered an endpoint. To be conservative, death
or euthanasia, for reasons unknown or not indicated in
the survey form, were also considered as endpoints.
Only cats that were still alive and cats that were eutha-
nized for problems unrelated to the tumor were included
in this study as censored data. A Kaplan-Meier log-
rank test was used to eval uate the relationship between
survival period and variables tested (diameter of tumor,
age, sex, and breed of affected cats). In addition, linear
correlation coefficients (R) and 95% confidence inter-
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Figure 1. Agedistribution of 37 cats at first detection of mam-
mary adenocarcinoma.

Table 1. Site distribution of mammary adenocar -
cinomas in 25/37 cats (data for 12 cats were not
available)

L ocation of tumor Number of cases

Tumorsinvolving only one gland
1st mammary gland (axillary)
2nd mammary gland (thoracic)
3rd mammary gland (abdominal)
4th mammary gland (inguinal)

Tumorsinvolving 2 or more glands

5]

QO O~

3 nguinal mammary gland was involved in 4 of these cases

vals were calculated for the same variables and sur-
vival periods by using Pearson’s correlation test.

Results

Clinical findings

The mean age of 37 cats at first detection of MACs was
12.3, s = 3.3y, with an increased prevalence among
9- to 13-year-old cats (Figure 1). Of the 37 cats, 22 (59%)
were domestic shorthair, 4 (11%) were domestic long-
hair, 4 (11%) were Siamese, and 2 (5%) were mixed-
breed; breeds of the 5 (14%) remaining cats were not
available. At the time of the surgical excision of the
MACs, 28 (76%) cats were spayed females, 7 (19%)
were intact females, and 2 (5%) were castrated males.
The date of ovariohysterectomy was available for only
9 (32%) cats; mean and median age at time of ovario-
hysterectomy was 2.3, s= 2.2y and 1y, respectively.
Feline MACs were solitary in 18 (49%) cases, and mul-
tiple (presented simultaneously with 2 or more lumps)
in 13 (35%) cases; information was unavailable for the
remaining 6 (16%) cases. Information on tumor size
and gross evidence of invasion were available for 29 and
12 cases, respectively. The mean diameter of submitted
tumorswas 2.3, s= 1.4 cm. On gross examination at the
time of tumor excision, 8 were well-circumscribed, 3
were infiltrative, and 1 had metastasized to the local
lymph node. Site distribution of the MACsis presented
in Table 1.

Postexcisional behavior

Postoperative follow-up information was available for
18 (48.6%) cats. Survival period, postexcisional survival
time, and tumor-free interval of cats diagnosed with
MACs are presented in Figure 2. The time interval
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Table 2. Summary of reported survival periodsand size of mammary
gland adenocar cinomasin cats (including 18 cases with follow-up infor -

mation in the present study)

Statistical
Survival in months (number of cats) significance
Tumor diameter <2cm 2-3cm >3cm
Weijer et al (11)2 12 (n=16) 6.8 (n=15) 4 (n=29) Yes
MacEwen et al (9)P 54 (n = 54) 24 (n=19) 6 (n=18) Yes
Present study divided
in 3 size subgroups” 18(n=7) 36 (n=5) 12 (n=6) No
Tumor diameter <3cm >3cm
Ito et al (8)° 9(n=28) 5(n=25) Yes
Present study divided
in 2 size subgroups” 21 (n=12) 12 (n=6) No

aAverage survival period in months
PMedian survival period in months
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Figure 2. Kaplan-Meier curves of survival period (—d—); post-
excisona survivd (--x--), and tumor freeinterval (—s—) of 18/37
cats with follow-up information.
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Figure 3. Correlation between survival and diameter of excised
mammary adenocarcinomasin 18/37 cats with follow-up infor-
mation (r2 = 0.0038; P = 0.808; == median survival of size
category).

between appearance of the tumor and excision ranged
from 1 wk to 3y, with 94% of the tumors being diag-
nosed and excised within 1y of appearance (based on
information available for 35 cases). Median survival peri-

Percent Survival

Time (months)

Figure 4. Kaplan-Meier curves and their calculated linear
slopes of survival period for 18/37 cats subgrouped by diame-
ter of excised mammary adenocarcinomas (P = 0.0706).

ods of cats grouped according to tumor size are presented
in Table 2 and Figure 3. A statistically significant cor-
relation was not found between i) tumor size and survival
period (Figures 3 and 4), ii) age of cat and survival
period, iii) sex of cat (sexually intact vs. neutered) and
survival period, and iv) breed of cat and survival period
(data not shown for ii, iii and iv), analyzed by the
Kaplan-Meier logrank lifetest and by Pearson’s corre-
lation test.

Eventual outcome

Eight out of 18 (44%) cats (mean age, 13.3,s=4.5Yy)
died or were euthanized due to tumor related problems
(e.g. distant or local metastasis, repested local recurrences
or poor health due to unknown cause); median survival
period of these cats was 15 mo (range, 3 to 22 mo).
Four (22%) of 18 cats (mean age, 15.2, s=4.1y) were
euthanized or died from indeterminate/unknown causes,
these cats had a median survival period of 12.5 mo
(range, 5 to 36 mo). Two (11%) of 18 cats (mean age,
18.3,s=1.1y) had a4.5-year survival period and they
were euthanized for tumor unrelated problems. In 1 cat,
tumors recurred at 4 and 12 mo after the initial exci-
sion; contact with this patient was subsequently lost.
The remaining 3 (17%) cats (mean age, 15.8, s=3.3Y)
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were alive and healthy at the time of survey; their
median survival period was 24 mo (range, 24 to 36 mo).

Discussion

A statistically significant correlation was not found
between survival period of cats with excised MACs
and any of the following variables: i) diameter of tumor
(P =0.07), ii) age, iii) breed, and iv) sex in this retro-
spective study. The lack of a statistically significant
correlation between tumor size and survival period
contrasts with previous reports (8-11) and remains
unexplained. It may be due to a comparatively low
number of cases with follow-up information in the pre-
sent study (Table 2). A less than desirable number of
cases with proper follow-up information has been one of
the major obstacles to development of evidence-based
medicine in the veterinary field; this problem might
be overcome by publishing smaller case studies. Another
possible reason for the lack of convincing statistical
difference in survival between cats with “large” and
“small” tumors was the wide range of survival peri-
ods for cats with MACs smaller than 3 cm in our study
(Figure 3). This wide range of survival may have been
affected by cultural differences influencing detection and
treatment of tumors and timing of euthanasia, geo-
graphical differences in the feline population, or dif-
ferences in diagnostic criteria of malignancy amongst
pathologists.

Despite these shortcomings, this study suggests that
tumor size for “small” MACs (less than 3 cm in diameter)
cannot be used as areliable prognostic factor due to the
wide range in survival periods (3 to 54 mo). Although
this conclusion is based on a comparatively low number
of cases, this wide range of survival periods is sup-
ported by variable survival periods in previously reported
studies; specifically, median and mean survival periods
for cats with MACs smaller than 3 cm varied from 6.8 to
54 mo (8-11) (Table 2). Accordingly, tumor size has lim-
ited prognostic value for MACs smaller than 3 cm in
diameter and additional prognostic factors are needed to
differentiate behaviorally “good” tumors from “bad”
tumors. Clinical stage of feline MACs (8) and some
of their anaplastic features (10,11) have been reported to
be useful prognostic indicators. Detection of dysfunction
of “gatekeeper” and “caretaker” genes regulating growth
and genetic stability of tumors might prove to be valu-
able prognostic indicators for feline mammary tumors.
In addition, demonstration of loss or attenuation of
intercellular attachment (13), as well as an increased
expression of laminin-binding integrins (14), proteinases
(15), proteinase activators and inhibitors (16), as well as
estrogen and progesterone receptors (17), might be use-
ful in predicting the life-threatening potential of “small”
feline MACs.

Tumor size appears to have a much higher prognostic
relevance in MACs greater than 3 cm in diameter.
Survival periods of cats with MACs greater than 3cm in
diameter was shorter than the survival period of cats with
MAC smaller than 3 cm in all studies (8-11), including
the present study (Table 2), even though this differ-
ence was not statistically significant (P = 0.07) in the pre-
sent study (Figure 4). Median and mean survivals of cats

with “large” MACs had arelatively narrow range (from
4 to 12 mo) in all studies (8-11), including the pre-
sent study. Since cumulative mutations are required
for amalignancy to develop from a single transformed
neoplastic cell (18,19), this multistep tumor progression
isdirectly related to the number of proliferating cellswith
random mutational potential and their genetic instabil-
ity. Therefore, the larger the proliferating mass, the
greater the life-threatening risk. Accordingly, progno-
sisfor MACs with a diameter greater than 3 cm appears
to be consistently poor.

This study supports the previoudly reported lack of cor-
relation between survival period of cats with their age,
breed, sex, or type of surgical excision of the tumor (8,9).
The age of affected cats, gross appearance of the tumors,
aswell as prevalence of benign versus malignant mam-
mary tumors in this study were similar to those in pre-
vious reports (1,5-9,11,20-23). The present study
supports the previously reported higher prevalence
of adenocarcinomas in cranial (axillary) and caudal
(inguinal) mammary glands (5,11,24). However, some
authors have reported that cranial glands (22) are more
commonly affected by tumors, whereas others have
found caudal glands to be involved more often (10).

In conclusion, this and previously published studies
indicate that cats with MACs greater than 3 cm in diam-
eter have a poor prognosis with median survival periods
ranging from 4 to 12 mo. Tumor size aloneis of limited
prognostic value in cats with MACs smaller than 3 cm
in diameter, due to the wide range of median survival
periods (6.8-54 mo), so additional prognostic factors
are needed to reliably prognosticate survival of cats
with MACslessthan 3 cm in diameter.
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