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Ultrasonographic evaluation of depth—width ratio (D/W) of benign and malignant

mammary tumors in dogs

Michihito TAGAWAD, Eiichi KANAI?*, Genya SHIMBOY, Mikiya KANO? and Hideki KAYANUMA?

DVeterinary Medical Center, Department of Clinical Veterinary Medicine, Obihiro University of Agriculture and Veterinary Medicine,

Inada, Obihiro, Hokkaido 080-8555, Japan

2 Department of Veterinary Radiology, Veterinary Medicine, Azabu University, Sagamihara, Kanagawa 2525201, Japan

Y Kano Animal Hospital, Tsurugashima, Saitama 350-2222, Japan

(Received 31 July 2015/Accepted 10 November 2015/Published online in J-STAGE 21 November 2015)

astrRACT. Depth-width ratio (D/W) is the only quantitative item in the criteria recommended by the Japanese Ultrasound Society for the
evaluation of breast tumors in humans. However, the usefulness of the D/W has not been evaluated in dogs. Eighty-six mammary masses
in 34 female dogs underwent ultrasonographic examination to determine the D/W and other characteristics. Results of ultrasonographic and
histopathologic examinations were compared. The D/W of malignant tumors was significantly greater than that of benign tumors, and it had
a sensitivity of 56.3% and a specificity of 92.9% for the diagnosis of malignancy when the threshold of D/W was 0.7. In addition, irregular
margin, polymorphous shape and heterogeneous internal echographic characteristics were correlated with malignancy.
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Mammary gland tumors are the most common type of
neoplasia in dogs, and the prevalence of these tumors is
approximately 50% of all tumors in female dogs [13]. Al-
though preoperative cytological examinations are useful in
ruling out other differentials, including mast cell tumors, it
is hard to differentiate benign from malignant lesions with
this method [13].

Ultrasonography is a noninvasive and safe technique and
is becoming widespread in practice [7]. In human medicine,
the role of ultrasound in the detection and diagnosis of breast
pathology has been expanded, and sonography is routinely
used as an adjunct to X-ray mammography [12]. The depth—
width ratio (D/W) was first established by the Japanese
Ultrasound Society in 1989 as a useful diagnostic tool in
differentiating malignant from benign mammary tumors, be-
cause it is the only quantitative item in several criteria used
to evaluate breast masses by the society [4, 5]. In Japanese
literature, D/W has a sensitivity of 64.5% and a specificity
of 70.5% for the diagnosis of malignancy [6]. However, ul-
trasonographic evaluation of mammary gland tumors using
D/W has not until now been utilized in veterinary medicine.

Previous studies have reported on ultrasonographic find-
ings of the canine mammary mass, including differences
in the ultrasonographic characteristics between benign and
malignant mammary tumors [7]. Ultrasonography has also
been used to assess the tissue composition and vascularity
of canine mammary tumors, and Doppler evaluation may
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be helpful to predict malignancy [1, 10]. Although it has
been suggested that mammary tumors in dogs have similar
ultrasonographic features to mammary tumors in humans
[8], the technique is not used routinely to evaluate mammary
masses in dogs. Our objective in this study was to assess
the efficacy of the D/W and ultrasonographic characteristics
for differentiation between benign and malignant mammary
tumors in dogs.

Eighty-six mammary tumors in 34 female dogs that were
admitted to the Kano Animal Hospital for surgical treatment
from 2010 through 2011 were examined in this study. Sev-
enteen dogs had a single tumor, and seventeen dogs had mul-
tiple tumors. Of the dogs with multiple mammary masses, 3
presented with 2 tumors, 5 with 3, 3 with 4, 2 with 5, 3 with 6
and the rest one dog with 8 masses. Before surgical excision,
tumor size including length, width and height was measured
by a vernier micrometer.

The ultrasound examination was performed with a
10.0 MHz convex probe using NEMIO SSA-550A ul-
trasound equipment (TOSHIBA MEDICAL SYSTEMS,
Ohtawara, Japan). The definition of D/W is the division of
the depth by the transverse diameter of the mass [15]. The
transverse diameter is the maximum diameter of the mass on
ultrasound and is measured in the plane running parallel to
the skin. The depth diameter is the vertical length of the mass
perpendicular to the transverse diameter (Fig. 1). The mar-
gins (regular or irregular), shape (oval or polymorphous), in-
ternal echogenicity (hypoechoic, isoechoic or hyperechoic,
as compared with surrounding fat tissue), and internal (ho-
mogeneous or heterogeneous) and posterior (enhancement,
unchanged or shadowing) echographic characteristics of the
mass were also evaluated, as described in human medicine
[3, 5]. All analyses of the recorded ultrasound images were
performed by a single observer (M. T.), and informed con-
sent was obtained from all the patients before data sampling.
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Fig. 1.

by transverse diameter of the mass.

The mammary masses were excised under general anes-
thesia and examined histologically by a board-certified pa-
thologist at a commercial laboratory. The ultrasonographic
findings were compared between the benign and malignant
tumors diagnosed on histological examination. Categorical
variables, such as margins, shape and echogenicity, were
analyzed by chi-square test. Continuous variables, such as
D/W and tumor size, were analyzed by the Student’s z-test.
P<0.05 was considered statistically significant.

By histological examination results, 16, 66 and 4 masses
were classified as malignant tumors, benign tumors and
lobular hyperplasia, respectively (Table 1). Multiple tumors
showed both malignant and benign tumors, and malignant
tumors occurred in concurrence with benign tumors in four
dogs. The 4 cases of lobular hyperplasia were included in the
benign tumor group, and statistical analyses were performed
between malignant and benign tumor groups. Tumor volume
was calculated as follows; length x width X height x 3.14/6.
There was no significant difference between the malignant
(mean + SD; 19.9 = 72.9 ¢cm?®) and benign (3.5 + 18.6 cm?)
tumor groups (Table 2). In addition, there was no significant
difference in tumor size which is the maximum diameter of
the mass between the 2 groups. The D/W was significantly
greater in the malignant (0.68 + 0.17) than benign (0.49 +
0.15) tumor group (Table 2, Fig. 2). To determine the most
useful threshold of D/W to differentiate malignant from
benign tumors, we calculated the sensitivity, specificity
and accuracy (lesions with true-positive and true-negative/
all lesions) for each value of the D/W (Fig. 3). Diagnostic

Ultrasonography images of the benign (A; adenoma) and malignant (B; carcinoma)
mammary tumors and the measurement of D/W. The D/W of a mass is the division of depth

Table 1. Histopathologic classification of 86 mammary masses
in 34 dogs
Group Histopathologic diagnosis n
Benign (n=70) Adenoma 44
Benign mixed mammary tumor 22
Hyperplasia* 4
Malignant (n=16) Carcinoma 16

*Included in the benign tumor group in this study.

accuracy based on sensitivity and specificity was highest
(86.0%) when the D/W value was 0.7; this corresponded to a
sensitivity of 56.3% and a specificity of 92.9%.

Of the 70 benign tumors, 52 had regular margins, 59
were oval in shape, and 58 had homogeneous internal
echographic characteristics. Of the 16 malignant tumors, 14
had irregular margins, 9 were polymorphous in shape, and
9 had heterogeneous internal echographic characteristics.
The chi-square test performed on ultrasonographic findings
revealed significant differences in the margins, shape and
internal echographic characteristic of the masses between
groups. However, internal echogenicity and the posterior
echographic characteristic had no significant associations
between benign and malignant groups (Table 2).

The present study was designed to assess D/W and ultra-
sonographic characteristics between benign and malignant
mammary tumors in dogs. The D/W of malignant tumors
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Table 2. Tumor volume, size, D/W and ultrasonographic character-
istics in the benign and malignant tumor groups. P values in bold
are statistically significant

o Benign Malignant
Characteristic P value
(n=70) (n=16)

Tumor volume (cm?) 35+£18.6 199+729 0.10
Tumor size (mm) 12.7+9.5 15.0+12.4 0.40
D/W 049+0.15 0.68+0.17 <0.01
Margins

Regular 52 2

Irregular 18 14 <0.01
Shape

Oval 59 7

Polymorphous 11 9 <0.01
Internal echogenicity

Hypoechoic 39 13

Isoechoic 29 2

Hyperechoic 2 1 0.09
Internal echographic characteristic

Homogeneous 58 7

Heterogeneous 12 9 <0.01
Posterior echographic characteristic

Enhancement 27 11

Unchanged 41 5

Shadowing 2 0 0.08

was significant greater than that of benign tumors. Interest-
ingly, the threshold for the differentiation of malignant from
benign tumors, 0.7, was similar to the value described in
human medicine [6]. In general, benign tumors lack destruc-
tive characteristics and are often encapsulated, whereas in-
vasive growth into surrounding tissue is a typical feature of
malignant tumors [13]. These different growth mechanisms
between benign and malignant tumors in breast tissue might
have contributed to the higher D/W in malignant tumors.
Malignant nodules are often characterized by poorly de-
fined margins and irregular borders. On the other hand, be-
nign lesions are often well differentiated from the surround-
ing tissue by a well-defined, circumscribed margin and tend
to be round or oval [12]. In addition, irregular echogenicity
may occur, because of necrosis, cyst formation, edema, hem-
orrhage and calcification [10, 11]. These characteristics have
been advocated as useful in distinguishing between benign
and malignant nodules [14]. The ultrasonographic find-
ings pertaining to margins, shape and internal echographic
characteristic obtained in this study were similar to those
described in a past study using canine mammary tumors [3].
Although hypoechogenicity and shadowing have been as-
sociated with malignancy [12], internal echogenicity and the
posterior echographic characteristic obtained in this study
were not useful for classification of nodules as either benign
or malignant. Acoustic shadowing, which is seen behind
the tumor, is the result of attenuation of the sound beam by
desmoplastic host response to breast cancer, and enhance-
ment is associated with necrosis [14]. Shadowing has previ-
ously been reported to be present in a variable percentage
of malignant tumors in dogs and humans [1, 3, 10, 14]. It
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Fig. 2. Box plots of the D/W of 86 mammary masses in 34 dogs.
The box represents the interquartile range (i.e., 25-75th percentile
range or the middle half of the box). The horizontal bar in the box
represents the median value. For both box plot, the T-bars represent
the 5 to 95 percentile range. Outlying data points are represented
by black dots.
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Fig. 3. The sensitivity, specificity and accuracy for each value of the

D/W of 86 mammary masses in 34 dogs.

has also been reported that some lesions present with ultra-
sonographic characteristics of both malignant and benign
tumors [1, 9]. In fact, some lesions obtained in this study
also showed both malignant and benign ultrasonographic
characteristics. Considering additional diagnostic methods,
the usefulness of Doppler ultrasound has been indicated in
dogs [1]. Further, in human medicine, elastography imaging,
which can evaluate the elasticity of breast lesions, was supe-
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rior to sonography in differentiating benign and malignant
lesions in the breast [9], and elastography has recently been
performed in dogs [2]. Combinations of conventional and
specialized examinations, such as those mentioned above,
might increase the sensitivity of ultrasonographic diagnosis
in canine mammary lesions.

In conclusion, the D/W of malignant mammary tumors
was significantly greater than that of benign tumors. In addi-
tion, certain ultrasonographic parameters could be useful for
noninvasive diagnosis and differentiation between benign
and malignant mammary tumors in dogs. It is considered
that the D/W is suitable for exclusion diagnosis and useful
because of its quantitativity and simplicity. A further study
is necessary using novel ultrasonography criteria, including
D/W and other characteristics, to increase the accuracy rate
of ultrasonographic diagnosis in canine mammary tumors.
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