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Objective. To compare the shape of the sonographic image of invasive breast cancer with the shape
of the corresponding histopathologic section stained for components of the extracellular matrix,
hyaluronan, and collagen. Methodss. We studied 22 cases of breast carcinoma. Among them, 13 were
visible on both sonography and mammography, whereas 9 were visible only on sonography. We com-
pared the sonographic images with the histologic sections of the same carcinomas after staining with
alcian blue for hyaluronan and Masson trichrome for collagen. Results. \We have shown that the shape
of the sonographic image of breast cancer is similar to the shape of its hyaluronan extracellular matrix.
Conclusions. This finding explains why breast sonography is so sensitive for detection of invasive car-
cinoma and why some invasive cancers are not visible on mammography. Key words: breast sonog-
raphy; mammography; breast cancer; extracellular matrix; hyaluronan; collagen.
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t is well established that sonography is a very accu-

rate technique for assessing the size of breast can-

cer,'? but, to our knowledge, the relationship

between invasive breast cancer echo morphology
and histopathologic characteristics has not been investi-
gated in detail. Because a substantial part of the tumor’s
volume is made up of a hyaluronan extracellular
matrix,>® we sought to compare the shape of the sono-
graphic image on invasive breast cancer with the shape of
the corresponding histopathologic section stained for
hyaluronan and collagen, the main components of the
extracellular matrix.

Materials and Methods

In this retrospective study, breast sonography was per-
formed in 22 consecutive patients (mean age, 52 years)
with pathologically proven invasive ductal carcinoma
who were referred to a breast sonographic specialist.
Between 1995 and 1997, the same operator (PV) using a
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Toshiba SSD-250 system (Toshiba Medical
Systems Co, Ltd, Tokyo, Japan) performed the
sonographic examinations with a 7.5-MHz linear
array transducer. These 22 cases of invasive duc-
tal carcinoma comprised consecutive cases inde-
pendent of sonographic or mammographic
findings. All patients were informed orally and
gave their consent to this protocol.

The mean tumor diameter was 13 mm, palpable
in 8 (36%) of 22 cases. Figure 1 shows the size
range of the lesions. Mammograms were obtained
in all cases and showed negative findings in 9. In
these 9 cases, the sonographic examinations were
performed because of mammographically dense
breasts (n = 8) or a palpable mass (n = 1). The diag-
nosis was obtained by fine-needle aspiration cyto-
logic examination under sonographic guidance.
Dense breasts were found in 18 (82%) of 22
patients. Among them, 13 (59%) were taking hor-
mone replacement treatments.

The following elements of the sonographic pat-
tern were recorded: the shape of the lacuna, mar-
gins, posterior shadowing, and the internal echo
pattern. We were not aware of outcomes and
pathologic results before describing the sono-
grams. In addition, 2 adenofibromas were stud-
ied as well as an ex vivo umbilical cord.

The sonographic scans and pathologic sections
were made through the greatest diameter of the
tumor. Four-micrometer-thick sections were cut,
embedded in paraffin blocks, and stored in the
same pathology laboratory. Initial staining with
hematoxylin-eosin was made to confirm the
presence of tumor. To show glycosaminoglycan,
the usual alcian blue stain, specific for hyaluron-
ic acid, was used at pH 2.5; alcian blue stains blue

Figure 1. Size range of the lesions (millimeters).
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on a pink background. Collagen fibers were
stained blue with Masson trichrome. The adi-
pose tissue was clearly identified without any
staining.

The glass histologic slides and sonographic
scans were compared on a 1/1 scale by manual
superimposition. This enabled positioning of the
skin surface. The slides were then displayed on a
computer screen at x20 magnification. At this
magnification, the different components of the
tumors were clearly visible. For production of the
screen display, the glass slides were digitized on a
backlit scanner. The slides were laid directly on the
scanner before magnification and optimization by
modifying contrast and luminosity. Printouts were
produced for precise study of the different com-
ponents inside and outside the tumor.

Results

Except in 1 case in which the tumor seemed to
have been ripped by forceps, the alcian blue dis-
tribution was nearly identical to the hypoechoic
pattern. All the tumors were isoechoic (n = 9) or
hypoechoic (n = 13) in relation to fat; none was
hyperechoic. There was no difference between
palpable and nonpalpable lesions. During the
study’s time frame, no invasive disease without a
mass on sonography was depicted. The stained
surface was slightly smaller than the hypoechoic
zone in all cases (Figs. 2-7) with a very similar
shape (Table 1): triangular (n = 2), round (n = 3),
oval (n = 11), or irregular (n = 6).

The margins were indistinct and jagged (n = 12;
Fig. 3) or indistinct and smooth (n = 10; Fig. 2)
both on the alcian blue—stained sections and on
the sonographic images. Posterior shadowing
was present in 4 cases. In these cases, the poste-
rior border was not shown, but the lateral and
anterior borders were identical to those on the
alcian blue-stained sections.

The tumors had a large amount of stroma,
strongly stained by alcian blue, and were more
or less not stained by trichrome (Fig. 7D) with-
out adipose tissue. A heterogeneous pattern
with scattered internal echoes was shown in
almost all cases (n = 19). This pattern had been
related to unequal distribution of alcian blue
staining within the tumor, uptake predominat-
ing at the periphery. We were unable to make a
quantified relationship between the intensity
of the hypoechogenicity and the intensity of
the staining.
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A comparison between sonographic and
mammographic images was possible in only 5
of the 13 cases with positive mammographic
findings (Table 2): 3 round and 2 irregular
images. In the other cases with excessive densi-
ty (n = 5), architectural distortion (n = 2), or
microcalcifications (n = 1), the contrast of the
x-ray signal was insufficient to draw a precise
shape. The 5 tumors were located in fatty
breasts on mammography in patients older
than 60 years. The shape of the tumor on the
mammograms was identical to those on the
scans and the alcian blue stains. However, in
2 cases with a major desmoplastic reaction
(Fig. 7), the mammographic image was differ-
ent and larger than the sonographic image or
the alcian blue-stained section. Actually, the
shape on the mammogram was identical to that
of the Masson trichrome-stained section in
which the tumor’s stroma and desmoplastic
peripheral tissue were highlighted.

In all cases except 3, the hyperechoic normal
surrounding tissue was not stained by alcian blue
was stained by trichrome and showed many

J Ultrasound Med 21:531-538, 2002

Figure 2. Invasive ductal carcinoma with negative mammographic find-
ings, 15 x 7 mm. A, Sonographic image of the corresponding tumor.
B, Alcian blue histologic aspect. C, Masson trichrome histologic aspect.
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adipocytes and some normal glandular structure
(Figs. 2-6). In the other 3 cases, the surrounding
tissue was almost exclusively adipose tissue.

The fibroadenomas were hypoechoic with
sharp and distinct margins (Fig. 8) and were
stained strongly by Masson trichrome and
slightly by alcian blue for hyaluronan. The inter-
nal echo pattern was homogeneous. The sono-
graphic section of the umbilical cord confirmed
the dye specificity: the hyaluronan-rich Wharton
jelly was stained strongly by alcian blue and
slightly by trichrome. Collagen fibers in vessels
were stained strongly by trichrome. Stain inten-
sities were comparable with those obtained in
the tumor sections.
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Figure 3. Invasive ductal carcinoma with negative mammographic findings; maximal tumor diameter, 15 mm. A, Sonographic image of the corre-
sponding tumor. B, Alcian blue histologic aspect.

Discussion

Hyaluronan, a highly hydrated macromolecule,
is a component of the extracellular matrix, which
is involved in processes such as wound healing,
tumor growth, and metastasis. It is expressed in
both benign and malignant tumors®*® and is
restricted to stromal connective tissue. We have
shown the relationship between the sonographic
shape of the invasive breast tumor and the
hyaluronan accumulation within the tumor’s
stroma. In almost all the tumors, the alcian blue
tumor shape was roughly identical to the hypo-
echoic zone: the contours (angular or smooth),

the borders (sharp or indistinct), and the sizes
were nearly identical on the sonographic image
and on the histologic section. On a practical
basis, the sonographic finding correlated with
margins without any further extension in the sur-
rounding tissue, which could underestimate the
size of the specimen and should be removed to
achieve clear margins at surgery.

Hyaluronan accumulation in the stroma could
explain the hypoechogenicity, because it was the
predominant component within the tumor
and because the other main components (cells
and collagen) have nearly the same acoustic
impedance. Indeed, the cartilaginous portion of

Figure 4. Invasive ductal carcinoma with negative mammaographic findings, 14 x 9 mm. A, Sonographic image of the corresponding tumor. B, Alcian
blue histologic aspect.
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Figure 5. Invasive ductal carcinoma with negative mammographic findings; maximal tumor diameter, 6 mm. A, Sonographic image of the corre-

sponding tumor. B, Alcian blue histologic aspect.

the ribs, which is made of the same extracellu-
lar matrix, is almost hypoechoic. The hyper-
echogenicity of the surrounding tissue was
related to the presence of fat, which has an
acoustic impedance very different from that of
all other biological tissues,® mixed with collagen
and glandular structures.

These findings cast new light on the sono-
graphic image of invasive breast cancer. They
also explain why sonography is so sensitive for

A
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the detection of invasive breast cancer and why
certain invasive tumors are not visible on mam-
mograms.’ !

Indeed, our findings indicate that breast
sonography shows the extracellular modifica-
tions that support malignant cell proliferation.
Our results concerned only invasive ductal car-
cinomas, but according to the histologic data,?
they could be generalized to other invasive
breast cancer types, such as lobular, tubular,

B, Alcian blue histologic aspect.

Figure 6. Invasive ductal carcinoma with negative mammographic find-
ings, 15 x 7 mm. A, Sonographic image of the corresponding tumor.
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mucinous, and medullary. Consequently, if no
hypoechoic focal lesion can be detected on
sonography, the likelihood of an invasive tumor
is very low. This fact has been recently con-
firmed by Buchberger et al,!* who showed that
sonography missed only 1 of 95 invasive carci-
nomas. Furthermore, the 1 missed cancer had
actually been visualized but as an undeter-
mined hypoechoic mass. In another study,!?
sonography demonstrated all 8 invasive tumors
among 100 mammographically detected clus-
tered microcalcifications. All were solid masses
with mild hypoechogenicity.

In contrast to this high performance of sonog-
raphy, mammography reported in the study by

Buchberger et al'! missed 35 invasive breast
cancers. In a report by Kolb et al,'3 11 of 41 non-
palpable cancers were shown only on sonogra-
phy. Our findings can explain those results,
because in dense breast, mammography is
unable to distinguish the difference between
the hydration of the dense surrounding tissue
and the hydration of the hyaluronan-rich
tumor. It is well established!* that radiologic
density originates from a more or less hydrated
tissue. Indeed, in one of our cases (Fig. 7), the
radiologic density was identical to that of the
trichrome-stained section (Fig. 7D), which
stained the collagen within the tumor and
within the surrounding desmoplastic reaction,

Figure 7. Invasive ductal carcinoma with positive mammographic find-
ings, 15 x 9 mm. A, Sonographic image of the corresponding tumor.
B, Alcian blue histologic aspect. C, Mammogram. D, Masson trichrome
histologic aspect.
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Table 1. Sonographic Features
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Table 2. Mammographic Features

Feature n Feature n
Shape Round shape 3
Triangular 2 Irregular shape 2
Round Excessive density 5
Oval 11 Architectural distortion 2
Irregular 6 Microcalcifications 1
Margins None 9
Indistinct and jagged 12
Indistinct and smooth 10
Echogenicity
Isoechoic 9
Hypoechoic 13
Sound transmission with such tumors. The major question is
lhrough'transm's.s'on 18 whether the paraffin block was cut in the exact
osterior shadowing 4

although the hypoechogenicity was related
only to the alcian blue-stained section (only
present within the tumor). Actually, in this case,
the trichrome stain approximated more closely
the mammographic size of the lesion than did
the alcian blue stain.

The large proportion of carcinomas not
shown on radiology could have been
attributable to a bias in this study, which was
not related to patient selection but rather to the
recruitment scheme. The patients included in
this study were referred to a single practitioner
working as a nonradiologist breast specialist, a
specialty known to selectively recruit patients

A
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same plane as the sonographic scan. We
assumed that the greatest diameter of the his-
tologic section was the same as that on the
sonographic scan, but in some cases this may
not have been true, which could have created
an important bias. However, because the series
was sequential, the strong relationship be-
tween the sections and the scans could not be
related to a selection bias.

To our knowledge, there has been no previous
report of this type of correlation between the
sonographic morphology of infiltrating carci-
noma and the accumulation of hyaluronan
within the extracellular matrix. Teubner et al®
reported a study of the echo morphology and
the histopathologic characteristics of breast
carcinoma but came to a less precise conclu-
sion. They demonstrated that the hypo-

Figure 8. Fibroadenoma, 10 x 5 mm. A, Sonographic image of the cor-
responding tumor. B, Alcian blue histologic aspect.
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echogenicity was related to expanded fibro-
hyalinosis in cases of invasive carcinomas. In
1979, Kobayashi!®> showed a correlation
between a retrotumoral shadow and the
degree of desmoplasia, but we cannot sup-
port his conclusion. Although the tumor with
desmoplasia in our study (Fig. 7A) was rich in
collagen, the posterior shadow was related to
the alcian blue area (Fig. 7B) and not to the
trichrome stain (Fig. 7D). Additional studies
are needed to understand this phenomenon,
which could be linked to a calcification pro-
cess of the extracellular matrix, because the
negative charges of hyaluronan are able to
bind cations of calcium. Among old patients,
indeed, a process of calcification with shad-
owing occurs inside the cartilaginous portion
of the ribs.

The relationship observed in our study can-
not be taken as a real correlation because of
the possible discrepancy between the histo-
logic section and the sonographic scan.
However, we have shown that the shape of the
sonographic image of breast cancer was simi-
lar to the shape of its hyaluronan extracellular
matrix. Further studies with quantitative
analysis are needed. That could provide infor-
mation on the degree of differentiation of the
tumors, since intense hyaluronan expression
is correlated to poor differentiation of carci-
noma with statistical significance.’
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