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intensity projection (MIP) image is also useful in diagnosing
the extent of breast cancer [12]. The morphological type of
intraductal spread using the MIP image is continuous
extension from the index tumor (Fig. 1) [13]. Linear
enhancement at the edge of the mammary gland, detected
using either axial or coronal sections, or diffuse punctate
enhancement with smooth margin, are associated with
fibrocystic change [13]. They are sometimes seen bilaterally.

Sensitivity and specificity in the detection of the intra-
ductal spread have varied from 71.8 to 88.0% and from
67.8 to 81.9%, respectively (Table 1) [11-15]. CT evalu-
ation of the maximum diameter of the extent of breast
cancer has been shown to be substantially better correlated
with histopathological diameter than that determined by
mammography (MMG) [13, 16]. The median deviation of
the tumor extension revealed by 3D CT from pathological
size was reported to be 7.7 mm [17]. CT is more accurate
than MMG or ultrasonography (US) in determining the
extent of invasive lobular carcinoma, with or without
neoadjuvant chemotherapy [18].

CT has been shown to detect multiple lesions that are
undetectable by conventional methods in 6-18.6% of
breast cancer cases [13, 19]. The sensitivity, specificity,
and accuracy of the CT diagnosis of otherwise occult sites
of cancer have been shown to be 93.3, 98.3, and 97.3%,
respectively [13].

High sensitivity may not be enough

It was believed that the incidence of positive margins was
certain to decrease if they could be depicted accurately.
MRI is the most sensitive modality available to date for

Fig. 1 Reconstructed 3D-CT image. Intraductal extension continu-
ous from the index cancer
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identifying the extent of cancer within the breast. However,
findings reported in 2008 that were related to the retro-
spective analysis of preoperative MRI as compared with no
MRI were received with great disappointment, because use
of MRI failed to reduce the incidence of positive margins
[20]. Subsequently, two randomized control studies that
assessed the effectiveness of preoperative MRI in terms of
the need for re-excision were reported [21, 22]. The
COMICE trial included 1623 women with biopsy-proven
primary breast cancer who were randomly assigned to MRI
and non-MRI groups before surgery [21]. Addition of MRI
to conventional triple assessment was not significantly
associated with a reduction in the need for reoperation,
with 19% of patients in the MRI group requiring reopera-
tion compared with 19% in the non-MRI group [21]. The
primary endpoint of another clinical study, the MONET
trial, also involved assessment of the need for additional
surgical procedures (re-excision and conversion to mas-
tectomy) for non-palpable breast tumors. The need for
additional surgical intervention after initial BCS was 45%
in the MRI group versus 28% in the conventional non-MRI
group. Thus, addition of MRI to routine clinical care in
patients with non-palpable breast cancer was paradoxically
associated with an increase in the need for re-excision.
Positive results had been expected from these two ran-
domized controlled trials. Why did MRI fail to reduce the
incidence of positive margins and re-excision in BCS
despite excellent sensitivity? One reason is speculated to be
the change of the shape of the breast because of the different
positions used during MRI examination and subsequent
surgery. Thus, there is a possibility that even if the lesion
can be revealed by MRI, the extent of excision cannot be
accurately determined. We should therefore be very careful
in not only depicting the tumor margins but also in pre-
venting errors in determining the excision margins that are
associated with changes in position of the breast.

Important factors in determining the extent of surgery

The accuracy with which the surgery is aligned with the
image-detected lesion is an important concern. Accurate

Table 1 Sensitivity, specificity, and accuracy of detection of intra-
ductal spread by CT

Published No. of  Sensitivity Specificity Accuracy

in patients
Akashi- 1998 122 91 79
Tanaka
Uematsu 2001 135 77 87
Fujita 2005 81 81 68 73
Doihara 2006 72 72 86
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and facile skin markings are one solution to this problem.
This author conducted a multicenter prospective study on
the effectiveness of pre-operative breast CT imaging in
surgical planning for patients undergoing BCS [23]. The
surgeons marked the line of planned excision on the skin
based on information from palpation, MMG, and US before
CT, which was also recorded on the CT image. Contrast-
enhanced breast CT was performed in the supine surgical
position. The CT results were used to help determine the

extent of resection. The surgeons widened the extent
of resection in 42 (14.1%; 95% confidence interval
10.1-18.1%) out of a total of 297 patients based on the CT
findings. Breast CT correctly modified the extent of surgery
in 13.1% and overexcision in 1%. An example of a cor-
rectly modified case using CT is shown in Fig. 2. CT was
especially effective in cases of invasive lobular carcinoma
and apocrine carcinoma. The efforts taken to simulate the
patient’s positioning that was subsequently used in the

Fig. 2 An instance in which CT successfully affected surgical
management. a CT image showing an enhancing lesion (arrow)
lateral to the main tumor which suggested that it was located outside
the planned resection line. The angiocatheter can be seen on the skin
demarcating the pre-CT planned resection line. b Maximum intensity
projection image of the right breast. The white line indicates the
surgical line ‘that was originally planned. ¢ Second-look
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ultrasonography revealed a second tumor with an 8 mm diameter
located 17 mm lateral to the main tumor. We modified the resection
line to widen the lateral side. d Surgical specimen (H&E). The arrows
indicate the main tumor which was an invasive ductal carcinoma.
e The triangles indicate the second tumor which was an invasive
ductal carcinoma located in the modified excised specimen
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operating room, and surgical marking, brought about this
excellent result.

Harada-Shoji et al. [24] reported excellent incidence of
negative margins after BCS using a dedicated skin marker.
Seven lines marked on the patient’s skin using an oil-based
paint enabled accurate resection with incidence of positive
margins of 2.2%. These markings were effective when they
were scanned with the patient in the supine position, which
is the position used during surgery. Second-look US with
the patient in the supine position in order to utilize the
information obtained when the patient was in the prone
position during MRI is widespread. Real time virtual
sonography in the supine position has been reported to be
useful for identifying enhancing breast lesions originally
detected by MRI [25].

Limitations

The disadvantage of CT is radiation exposure. Some studies
have compared the accuracy of MD-CT and MRI in eval-
uation of the intraductal spread of breast cancer. CT has
been shown to be inferior in sensitivity to MRI and superior
[26, 27] or equivalent [28] in specificity. The low-grade
intraductal component and lobular carcinoma in situ tended
not to be depicted as accurately using CT as the high-grade
intraductal component [11]. Mucinous carcinoma was
weakly enhanced by the contrast medium, and as a conse-
quence tumor extent was sometimes underestimated [26].

In conclusion, CT carried out with the patient in the
supine position, accompanied with adequate marking, is
effective for preoperative determination of the optimum
extent of breast cancer surgery.
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