BCT for MMIBC @ S, OxumMura ef al. 147

Table 1. Background of patients with multiple tumors

Median follow-up (mo) 58 (38-105)
Median age (y) 48 (27-81)
Tumor number (%)

2 30

3 4
Tumor location ()

Same quadrant 22

Next quadrant 10

Opposite quadrant 2
Diagnosis of multiple lesions (n)

Preoperative 26

Intraoperative 8

tumors was not larger than those of the 35 patients with
MMIBC treated by mastectomy (21.2 *+ 7.0 mm in the BCT
group vs. 24.8 = 9.1 mm in the mastectomy group, p =
0.07) Microcaicification was observed in 12 (34%) of the 35
patients in the mastectomy group.

In the patients with MMIBC treated by BCT, tumor
multiplicity was detected before surgery in 26 patients and
during surgery in 8 patients, The patient characteristics,
such as age, number of tumors, and tumor distribution, are
shown in Table 1. The distance between each tumor was
recorded in only 5 cases and therefore could not be pre-

sented as a reliable average or median value. Mammogra-
phy and ultrasonography are presented for representative
cases of multicentric/multifocal disease (Fig. 1).
Breast-conserving therapy at our institute basically con-
sists of wide excision of the primary tumor followed by
postoperative breast RT. All patients vnderwent wide exci-
sion and axillary dissection. Surgical clips were placed at
the surgical margins during surgery for later use as a land-
mark to determine the boost irradiation field. RT was initi-
ated within 8 weeks after surgery. A total of 50 Gy was
delivered to the whole breast in 2-Gy fractions during a
5-week period by opposing tangential fields. Conserved
breasts were treated with either *°Co y-rays or 6-MV X-
rays, which was adequate for the breast size, CT simulation
was used for treatment planning, For patients with close or
positive resection margins, defined as cancer cells observed
within 5 mm of the resection margin, boost RT was deliv-
ered. The dose of boost RT was fixed to 10 Gy regardless of
the shortest distance from the resection margin. The boost
RT covered the breast tissue within 3 cm from the clips with
positive or close margins. Electron beam RT was usually
used. The depth of the anterior chest wall was measured on
CT simulation, and the energy was chosen so that the
anterior chest wall received 80% of the prescribed dose. If
the required energy exceeded 13 MeV, tangential photon

Fig. 1. (a) Mammogram and (b) ultrasound scan of 71-year-old patient who presented with two tumors in right
upper-outer quadrant. Diameter of larger and smaller tumors and distence between the two was 20.8 mm, 7.5 mm, and
11.7 mm, respectively. Continuity was found on histologic examination. (¢) Mammogram and (d) ultrasound scan of
50-year-old patient who presented with two tumors in right upper-inner quadrant. Diameter of larger and smaller tumors
and distance between the two was 21 mm, 10 mm, and 37 mm, respectively. No continuity was found on histologic
examination.
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beams were used. The same policy and method were applied
to both MMIBC and single lesions. The RT method was
presented in detail in our previous publication (14, 15). Of
21 MMIBC patients with close or positive margins, 19
received electron boost with energy of 7-13 MeV. One
patient with extensive margin involvement received 62 Gy
to the whole breast RT using “°Co y-rays. The remaining 1
patient with close margins (5 mm) did not receive boost RT.

All patients underwent systemic chemotherapy in the
form of tamoxifen and 5-fluorouracil for 2 years after sur-
gery. This was initiated after surgery and before RT. No
additional systemic therapy was given until breast cancer
recurrence was confirmed.

Local control and disease-free survival was estimated by
the Kaplan-Meier method. Statistical analysis was per-
formed using the Stat-View program. The cosmetic result
was evaluated using the global cosmetic score (8, 16).
Patients were divided into two groups according to the
cosmetic result: excellent to good and fair to poor, Cosmesis
was also analyzed by the chi-square test. p <0.05 was
defined as statistically significant.

RESULTS

- After wide excision, 21 {(62%) of the 34 patients with
MMIBC and 167 (28%) of the 594 patients with single
lesions had a close surgical margin. The difference was
statistically significant (p <0.001). However, the boost ir-
radiation field size was not significantly different between
the two groups (71 + 54.6 em® for multiple disease and 64
+ 30.7 em® for single disease, p = 0.42). Patient age,
estrogen receptor status, pathologic T and N stage, and
tumor pathologic findings were not significantly different
between the two groups (Table 2). Of the 34 MMIBC
patients and 564 single-lesion patients, 6 (18%) and 126
{21%), respectively, had extensive intraductal component-
positive tumors. The difference was not statistically signif-
icant.

Pathologic examination demonstrated microscopic conti-
nuity between individual tumors in 20 patients (multifocal)
and no continuity in 12 patients.(multicentric). The infor-
mation was msufﬁclent for the remaining 2 patients (Table

3).

The median fo]low-up penod for the panents w1th'

MMIBC was 58 months (range, 38—105 months). One
patient (2.9%}) with MMIBC had local recurrence 98 months
after BCT. The patient was 41 years old at diagnosis, and
the tumors were pathologically Stage IIB (pT2N1MO), ex-
tensive intraductal component negative, and margin posi-
tive. The recurrence occurred as.a solitary nodule near one
of the primary lesions. The patient was salvaged by simple
mastectomy and was disease free at the latest follow-up
visit. Two of the patients with MMIBC (6.5%) developed
distant metastases. One patient had bone metastasis 27
months after BCT, the other patient had lung metastasis 39
months after BCT. Of the 564 patients with single lesions,
15 (2.4%) had local recurrence. Consequently, the 5-year
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Table 2. Patient characteristics

. Single
Characteristic MMIBC lesions P
Median age (y) 48 + 12 50+10 0.26
Pathologic T stage (n)
pT1 14 (41) 322(54) .
pT2 20(59) 270 (45} 0.30
Pathologic N stage (n)
(UICC)
No 21 (62) 434 (73}
Ni _ 13 (38) 14424y . 0.14
N2 0 16 (2)
Histologic type (n}
Invasive ductal
carcinoma 29 (85) 511 (86)
DCIS 0 22(4) 0.60
Invasive lobular
carcinoma, 3I® 27(5)
Other 2(6) 34(6)
ER positive () 22/34 (65) 306/594 (52) 0.52
EIC positive (r) 5/34 (15) 126/594(21) 0.86

Close/positive margin (mm) 21/34 (62) 160/594 (27) <0.01

=2 to <5 8/34(24) 50/594(8)  <0.01
>0 to =2 84(21)  53/594(9)  0.02
0 6/34(18) 57/594(10) 0.3
Mean boost field size (cm?®) 7155 65 £ 31 0.46

Abbreviations; UICC = International Union Against Cancer;
DCIS = ductal carcinoma in situ; ER = estrogen receptor; EIC =
extensive intraductal component, MMIBC = Macroscopically
multiple ipsilateral breast cancer; Numbets in parentheses are

percentages.

local control rate was 100% for patients with MMIBC and
97% for patients with a single lesion. The difference in local
control was not statistically significant between the two
groups (Fig. 2). The 5-year disease-free survival ratc was
93% for patients with MMIBC and 90% for patients with a
single lesion, also not a statistically significant difference
(Fig. 3).

Regarding the cosmetic resuits, we compared the ratio of
patients with an excellent to good cosmetic score at 2 years
of follow-up between the two groups, Twenty-six (79%) of
33 patients with MMIBC and 444 (81%) of 545 with single
lesions had an excellent to good score. Again, the difference
was not smusncaﬂy significant (p = 0.70).

DISCUSSION
Macroscopically multiple ipsilateral breast cancer in-
cludes both multicentric disease and‘multifocal disease.

) 'I'able 3. Location of multiple- tumors and continuity on
hlstologm examination @

. Location ~ Yes No Unknown
Same quadrant (n = 22) 14 8 ]
Next quadrant (n = 10) 6 3 i
Opposite quadrant (n = 2) 0 1 i

—404—



BCT for MMIBC @ S, ORUMURA ef al.

149

100% at Syrs
100% - S T T e ——
. [ L WIS 1
97% at 5yrs
umber at risk
ultiple 32 23 11 1
single 579 409 172 19
24 48 72 9%

Follow up period (months) .

Fig. 2. Local control for macroscopically multiple ipsilateral breast cancer (solid line) and single disease (dashed line).

No statistically significant differences were found (p = 0.8).

Multifocality and multicentricity were originally pathologic
terms and should be discussed from a pathologic point of
view. In the currently accepted terminology, multifocality
represents the presence of multiple foci of the same tumor,
and multicentricity suggesis different primary tumors in the
same breast (17}. Although some researchers have tried to
identify such continuity preoperatively using helical CT
and/or MRJ, these diagnostic imaging modalities are not
sufficiently reliable. From a practical point of view, it is
generally considered that multifocal tumors are those within
the same quadrant and multicentric tumors are those in
different quadrants. However, our results indicate that this
approximation is not always accurate, because 8 (36%) of
22 tumors that were located in the same quadrant had no
apparent continnity on histologic examination.

According to the guidelines for BCT, such as the National
Institutes of Health consensus statement, MMIBC is ex-
cluded from the indications for BCT (7). A high incidence
of local recurrence in early series and a deterioration in the
cosmetic result caused by removal of a large amount of the
breast tissue were the main reasons for this recommenda-
tion. A study by Fowble ez al. (18), in which the pathologic
review of the mastectomy specimens revealed extensive
residual disease in three or four quadrants of the breast after
excisional biopsy in 50% of the patients with MMIBC,
supports this recommendation further.

Some previous reports regarding BCT for MMIBC have

been published (Table 4), Kurtz et al. (9), Leopold ef al.
{10), and Wilson et al. (11) reported a high local recurrence
rate for patients with MMIBC who underwent BCT (23—
40%). In their studies, the surgical margin status was insuf-
ficient or not fully examined (9-11). Kurtz et al. (9) re-
ported that the local recurrence rate in 22 patients with
clearly adequate margins was low (1 of 22 or 4.5%) and in
39 patients with unknown or positive margins it was very
high (14 of 39 or 36%). Hartsell ef al. (12) reported a good
local control rate (local recurrence rate 3.7%), and in their
study, the close (<1 mm) or positive margin rate was only
22% (6 of 27). In a recent study by Cho et al. (13), BCT was
offered to 15 patients in whom microscopically negative
margins were obtained, and none of them had local recur-
rence at a median follow-up of 77 months. A positive
surgical margin is one of the major risk factors for local
recurrence (19-21). However, a large surgical margin will
reduce the residual breast volume and deteriorate cosmesis,
one of the most important goals of BCT (22).

The effectiveness of boost RT to decrease local recur-
rence has been established in a2 randomized trial (23). To
increase the accuracy of postoperative RT, including boost
RT, we placed different-size radiopacue clips at the surgicat

- margin together with radial sectioning of the pathologic

specimen. This facilitated identification of 2 close or posi-
tive margir on CT simulation and was useful for determin-
ing an adequate boost field (14). '
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Fig. 3. Disease-free survival between macroscopically multiple ipsilateral breast cancer (solid line) and single disease
(dashed line). No statistically significant differences were found (p = 0.63).

In our study, 62% of the patients with MMIBC had close
surgical margins, significantly greater than that in the pa-
tients with single disease, but the local conirol rate was not
significantly different. We believe that meticulous treatment
planning using surgical clips and CT simulation ameliorated
the local coatrol rate. Moreover, this also facilitated control
of the size of the boost field for multiple lesions by avoiding
inclusion of “safe” parts of the resection margin. Thus, we
believe our boost irradiation technique contributed to the
favorable cosmetic result; a large boost dose and volume
may deteriorate the cosmetic result (24). The excellent to
good cosmetic score rate did not differ significantly between
those with multiple and single lesions.

When interpreting these observations, possible ethnic
differences between Japan and Western countries, in both
the natural history and the patterns of care of breast
cancer, should be taken into account. As several research-
ers have pointed out, Japanese women with breast cancer
seem to have a substantially more favorable prognosis
than patients in Western countries (25, 26). In our series,
the 5-year disease-free survival rate for patients without
pathologically positive axillary lymph nodes, with one to
three positive nodes, four to nine nodes, and more than
nine positive nodes was 95.2%, 94.5%, 76.5%, and
38.9%, respectively (27). In such situations, intensive
chemotherapy with significant toxicity is difficult to jus-

Table 4. Resulis of other trials

Leopold (1989) Kuriz (1990) Wilson (1993) Hartsell (1994) Cho (2002) Our study
Local recurrence  4/10 (40) 15/61 (25) 3/13 (23) 127 3.7 0/15 134 (2.9)
%) .
Median follow- 64 71 71 53 77 98
up (mo)
Radiotherapy 45-52 % boost 50 + boost 50 + boost 45-54 * boost 45-50 + boost 50 * boost
(6y) _
Close/positive Not fully Posttive 12/61 Not fully 6/27 (22} 0o/15 21/34 (62)
margin examined Unknown i
34/61
Chemotherapy Not done For some cases CMF for 6 AC or CMF AC, CMF or TAM, 5-
patients TAM other FU

Abbreviations: CMF = cyclophosphamide, methotrexate, and S-fluorouracil; AC = doxorubicin and cyclophosphamide; TAM =

tamoxifen; 5-Fu = 5-fluorouracil.
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tify, especially in patients with a small number of lymph
node metastases, Consequently, all the patients in the
current study received oral 5-fluorouracil, which is re-
portedly less toxic than cyclophosphamide, methotrexate,
and 5-fluorouracil or doxorubicin and 5-fluorouracil as
systemic adjuvant therapy. The local control rate for BCT
in Japanese women is also excellent, but the difference is
less striking than the survival rate. In our series, the
5-year local control rate for patients with negative, close
(=5 mm), and positive margins was 98.9%, 96.6%, and

92.2%, respectively (27). Local recurrence was usually
deiected >3 years after BCT in previous studies of
MMIBC, and it occurred 10 years after BCT in our study.
Therefore, we need longer follow-up and more observa-
tion of different ethnicities to reach a firm conclusion.
However, our result at this stage suggests that patients
with MMIBC can be candidates for BCT, as long as each
tumor is operable by breast-conserving surgery criteria
and the close surgical margin is accurately detected and
treated with adequate boost RT.
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Background: One of the main roles of neoadjuvant chemotherapy for breast cancer is to shrink large
tumors to increase patient eligibility for breast conserving surgery. Three dimensional MR Mammogra-
phy (3D-MRM) can detect tumor extension more accurately compared with mammography and Ultra-
sonography (US). Therefore, the shrinkage pattern observed on 3D-MRM was analyzed with regard to
several pathological factors.

Methods: A total of 27 breast cancer cases were examined by 3D-MRM before and after neoadjuvant
chemotherapy. The volume reduction and shrinkage patterns were assessed and compared with the
pathological diagnosis.

Results: There were two shrinkage patterns. Twelve of 25 evaluabie breast cancers (48%) showed a
_concentric shrinkage pattern while 13 cases (52%) showed a dendritic shrinkage pattern. The cases with
. concentric shrinkage were good candidates for breast coserving surgery, But tumors showing dendritic
shrinkage often had positive margins necessitating mastectomy. Pathologically, tumors with a papillo-
tubular pattern, Estrogen receptor (ER) pesitivity, low nuclear grade and c-erbB 2 negativity tended to
show dendritic shrinkage.

Conclusions: 3D-MRM is a useful modality for evalumting whether breast conserving surgery can be

safely done in the neoadjuvant setting.
Breast Cancer 9:15-1%, 2002.

Key words: 3D-MR Mammography, Necadjuvant chemotherapy, Breast conserving surgery, MRI

Recently, the response rate of neoadjuvant che-
mothérapy has become 80-90%, But several large
Randomized Clinical Trials (RCT's) have shown no
survival benefit even if the regimen was given in
the neoadjuvant setting instead of as adjuvant
chemotherapy"®. On the other hand, the downstag-
ing of the primary tumor allows breast conserving
" surgery instead of mastectomy, which increases
the quality of life for the patient”. Therefore, the
muain role of neoadjuvant chemotherapy is to obse-
rve in vive chemosensitivity and to increase the
possibility of breast conserving surgery™®. During
breast conserving surgery, it is important to avoid
positive margins, which is a risk factor for local rec-
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currence and has the potential to decrease sur-
vival”®. Three-dimensional MR Mammography
(3D-MRM) allows observation of the cancerous
lesion from any direction and estimation of the
lesion’s volume®®. 3D-MRM can detect tumor exten-
sion more accurately than mammography or US™?,
In the neoadjuvant setting, it is more difficult to
identify extension of the residual tumor®. There-
fore, 3D-MRM before and after neoadjuvant chemo-
therapy was performed and the tumor shrinkage
pattern was analyzed with respect to pathological
characteristics.

Materials and Methods

A total of 27 breast cancer cases were examined
by 3D-MRM before and after neoadjuvant chemo-
therapy. The volume reduction and shrinkage pat-
terns were analyzed and compared with the patho-
logical diagnosis. The 3D-MRM protocol at St.
Luke’s International hospital is shown in Table 1.
The neoadjuvant chemotherapy regimen was CEF
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Table 1. Segquence of 3D-MRM at St. Luke’s Interna-
tional Hospital

MRI: GE SIGNA 1.5T
Coil: Breast phased array coil
Settings: EFGRE 3D (Enhanced Fast Gradient Echo 3D)
TR 6.7 ms, TE 1.7 ms, TI 40 ms,
FA15° 256 X 160 matrix,
Slice thickness 1 mm, FOV: 16 cm
Gd enhancement by auto-infuser pump
(Gd 0.2 mmol/kg, Infusion speed 1 ml/sec)
Scan option: SPECIAL (Special Inversion at lipids)
(Scan begins 45 seconds after Gd injection)
Whole transaction time: about 90 seconds

(cyclophosphamide 100 mg orally for 14 days, epiru-
bicin 40 mg/m® and 5FU 500 mg/m" intravenously
every 3 weeks) for 4 cycles to 5 cases, Docetaxel
(60 mg/m’ intravenously every 3 weeks) for 4 cycles
for 10 cases and AT (THP-adriamycin 50 mg/m’
and Docetaxel 60 mg/m’ intravenously) for 4 cycles
for 12 cases. The pathological diagnosis including
ER, PgR, nuclear grade and C-erbB 2 status was
obfained by core biopsy before neoadjuvant chemo-
therapy. 3D-MRM was performed before and after
neoadjuvant chemotherapy for each case. The shiri-
nkage pattern after neoadjuvant chemotherapy was
assessed and compared with the pathological results.

Results

The shrinkage patterns were divided into two
types. One type was concentric which means the
tumor shrunk from all directions toward the center.
The other type was dendritic which means the
tumor still retained a dendritic shape in the original
area even if the tumor was markedly reduced in
volume. The overall response rate (CR+ PR, %) was
88.9%. One case was progressive disease and was
removed from evaluation. Another case showed
Complete Respnce (CR) by 3D-MRM which was
also removed from evaluation. Among the evaluat-
ed 2b cases, 12 cases (48%) showed concentric and
13 cases (52%) showed dendritic type shrinkage
(Fig 1). Typical concentric type shrinkage is shown
in Fig 2. Fig 3 shows a dendritic type shrinkage pat-
tern, for which mastectomy was performed because
of positive margin after breast conserving surgery.
Fig 4A appeared to have concentric shrinkage by
US and 2-D MRM, but showed dendritic shrinkage
on 3D-MRM (Fig 4B). Fig 5 was another lesio with
dendritic type shrinkage. The dumbbell-shaped
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Concentric
type
12 cases (48%)

=
3

25/27 cases

Dendritic type
13 cases (52%)

Unevaluable 2cases

Fig 1. All neoadjuvant cases were divided into 2 groups
accorging to shrinkage pattern.

Before AT

Fig 2. Concentric shrinkage; BCT with negative margin and
good cosmesis.

After AT

Fig 3, Dendritic shrinkage; BCT — Mastectomy (CR by pal-
pation, however, marked residual lesions).

Before AT

tumor shrank markedly as if it were a solitary small
round tumor, but, it had an extensive intraductal
component necessitating careful evaluation for
breast conserving surgery. The shrinkage pattern
by pathological type is shown in Fig 6.
Papillotubular carcinoma more frequently
showed observed in dendritic type shrinkage. Two
invasive lobular carcinomas showed dendritic
shrinkage. Scirrhous carcinoma most frequently
showed concentric type shrinkage. The compari-
son between shrinkage pattern and nuclear grade
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Before AT

Fig 4. (A) 2D-MRM image showed concentric shrinkage.
(B} 3D-MRM of the same case clearly showed intraductal
spread, was dendritic shrinkage. '

T

Before AT

After AT
Fig 5. 3D-MRM shows dendritic shrinkage after neoadjuvant

chemotherapy.

Dendritic
type
Opap tub
Bsci
MBiny lob
M spindle

Concentric
type

a% 0% 100%

Fig 6, Shrinkage pattern and histological type. Pup.tub.,
papillotubular type {invasive ductal cancer which tends to
retain papillotubular structure); sci., scirrhous type (invasive
ductal cancrer which tends to spread randomly to the intersti-
tial space); inv.lob., invasive lobular type.

Dendritic 3
type

B Grade 1
OGrade 2~3

Cancentric
type

T T

0% 20% 40% 60% 0% 100%

Tig 7. Shrinkage pattein and nuclear grade.

Dendritic

type
EER(+)
BER(—)

Concentric
type

0% 50% 100%
Fig 8. Shrinkage pattern and estrogen receptor.

Dendritic
type
O Grade 1a
B Grade 1b
M Grade 2

Concentric
type

0% 20% 40% 60% 80% 100%

Fig 9. Shrinkage pattern and histological effect by chemeo-
therapy.

is shown in Fig 7. High grade tumors (Grade 2 and
3) tended to show concentric shrinkage. In con-
trast, low grade tumors more often showed dendrit-
ic shrinkage. ER (+) tumors tended to shrink as
dendriticly (Fig 8). ER (—) tumors tended to more
often shrink concentrically. Among tumors showed
concentric shrinkage which generaily means marked
reduction of tumor volume, there were several
cases of Grade Ia (mild response) response acco-
rding to the histpathological ¢riteria for assessment
of therapeutic response by the Japanese Breast
Cancer Society (Fig 9).
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Disceusion

3D-MRM is a useful modality for preoperative
staging in the management of breast cancer and
especially for detecting the tumor extension™'®,
Esserman ef al, reported that MRM correctly iden-
tified residual or primary cancer in 55 of 58 cases
and accurately predicted the extent of the cancer in
54 of 58 cases. The anatmic extent was more accu-
rately defined with MRM than with Mammogra-
phy(98% vs 55%)'". Qur data also suggest that 3D-
MRM could detect extensive intraductal component
more accurately than mammography and US (82.5%
vs. 62.1% vs. 66.7%, respectively)®. In the neoadju-
vant setting, it was more difficult to assess the
pathological effect by mammography™. Abraham et
al, reported 30 of 31 mastectomy cases (97%) after
neoadjuvant chemotherapy were correctly assessed
residual tumor by 3D-MRM™. Therefore, 3D-MRM
was used to evaluate residual tumor pattern s after
neoadjuvant chemotherapy™®. Dendritic and con-
centric type shrinkage patterns occure with about
equal frequency after neoadjuvant chemotherapy,
which means about half of the cases after neoadju-
vant chemotherapy should be cautiously evaluated
for breast conserving surgery. The long-term resuits
of the NSABP-18 trial showed the risk of local fail-
ure was greatest in those patients who originally
were thought to require a mastectomy but whose
disease was downstaged sufficiently by neoadju-
vant chemotherapy to undergo lumpectomy (10 of
69, 14.5%) 3D-MRM can avoid positive margins and
will eventually achieve the same local control rate
as ordinal breast conserving surgery. Our data sug-
gest that tumors showing poor prognostic factors
including ER negativity and high nuclear grade (2
and 3) tend to shrink concentrically. On the other
hand, ER (+), low nuclear grade and papillotubular
cancer (invasice ductal cancer which has a partly
ductal structure) tend to show dendritic shrinkage,
which indicates ductal spread. Care regarding posi-

tive margins during breast conserving surgery is

necessary in the latter case. 3D-MRM and several
biological markers (ER, Ki-67, c-erbB2 etc.) have
the potential to predict the shrinkage pattern and
the indication for neoadjuvant chemotherapy. How-
ever, the number of the evaluated cases in this study
was too small, so further data and multivariate analy-
sis is necessary in the future.
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3D Imaging of Intraductal Spread of Breast Cancer and lts Clinical
Application for Navigation Surgery
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Background: To perform optimal tumor resection of breast cancer, preoperative information con-
cerning intraductal spread of cancer (ISC) is very important.

Methods: To detect ISC, three-dimensional (3D) imaging methods including helical CT, MRI, and
ultrasound were examined in patients with primary breast cancer by comparison with multi-sliced patho-
logical specimens.

Results: The sensitivity of each modality for detecting ISC was 64.7%, 90.2% and 78.6%, and the speci-
ficity was 97.1%, 62.9% and 100%, respectively. Subsequently, the potential of each modality for navigation
in breast conserving surgery was assessed. Three-dimensional helical CT navigation could reduce the
positive rate of the specimen margins, and 3D MRI navigation using a special mapping sheet enabled
removal of non-palpable breast cancer without positive margins in 66.7% of patients preliminarily. Real-
time 3D ultrasound images correlated with the resected tumor size, with the difference between the two
less than 2 cm in 72.7 % of the patients with ISC. :

Cornclusion: Three-dimensional imagées from each modality were reliable enough for diagnosis of
tumor spread, and surgical navigation using these images seemed to have potential clinical application for
breast conserving surgery. Prospective studies for navigation surgery with more patients are needed.

Breost Cancer 9:289-295, 2002.

Key words: 3D, MR, CT, Ulirasound, Intraductal spread, EIC, Breast cancer, Navigation

Breast conserving surgery has been a standard
operation for small breast tumors. This surgery
was originally developed to improve cosmetic out-
come and patients’ quality of life after breast can-
cer surgery. To achieve betfer cosmesis, a mini-
mal resection of tumor is needed. This, however,
must often leads to positive or close surgical mar-
gins, and increases local recurrence in the con-
served breast”. Positive surgical margins are gen-

erally caused by the existence of intraductal -

spread of cancer (ISC) and technical failure, for

Reprint requests to Yasuhiro Tamaki, Department of Surgical
Oncology, Osoka University Groduate School of Medicine,
2:2£10, Yamadacka, Suvita, Osaka 565-0871, Japan.

E-mail: tameki@onsurg.med.osakav.ac.jp
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examples, disorieptation of tumor margins by a
surgeon®. The diagnosis of ISC by mammography
and ultrasonography has been studied for vears.
However, these diagnostic images are 2-dimen-
sional (2D), and surgeons perform turmor resec-
tion according to 3-dimentional (3D) images
reconstructed in their minds, If 3D images can be
obtained before surgery and provide a visual rep-
resentaion of cancer spread, opposing goals of
minimum resection of the tumor and negative sur-
gical margins could be met. Recently, computer
tomography (CT) and magnetic resonance imag-
ing (MRI) with contrast enhanced media are used
for diagnosing breast cancer, and are expected to
display tumor spreading in the breast. Further-
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more, multi-detector CT (MD-CT) and 3D ultra-
sonography became available very recently, and
can produce 3D images easily.

This study group was organized by the Japan-
ese Breast Cancer Society to investigate 3D imag-
ing of ISC. In this paper, we report the usefulness
of these 3D images for diagnosing ISC, and dis-
cussed the possibility of intraoperative navigation
for breast conserving surgery.

Materials and Methods

Three dimensional images were obtained and
analyzed using each modality at each institute.
Helical CT scanning to analyze the diagnostic
capability for ISC for this technique was per-
formed using an X-Vigor (Toshiba, Tokyo, Japan)
or a HiSpeed Advantage (GE Medical Systems,
Milwaukee, WI). The X-ray beam thickness was 3-
5 mm. Ninety-six to 100 ml of non-ionic contrast
media (CE) was injected at a rate of 2 to 4 ml/sec.
Thirty to fifty seconds after administration of CE,
early-phase scanning was started. Late-phase scan-
ning was performed 120-180 seconds after the
injection of CE. Three dimensional images were
created from the obtained 2-D images, and asse-
ssed using software bundled with the machine.

- Three-dimensional MRI assessment of ISC was
performed using Magnetom Vision 1.5T (Siemens
Medical Systems, Erlangen, Germany) with a
breast phased array coil. Gradient echo fat-sup-
pressed 3D-T1 weighted images were obtained
after injection of Gadrinium-DTPA (0.2 ml/kg)
with an interval of 120 seconds. Three-dimension-
al images of the breast were constructed by the
maximum intensity projection (MIP) method.

Ultrasound images were obtained using SONO-
LINE Elega (Siemens Ultrasound Japan, Tokyo,
Japan) to assess ISC. Volume rendering images
were obtained using a 7-9 MHz linear probe, and
ISC was detected with multi-planner reconstruc-
tion (MPR) images, which are obtained by slanted
coronal slices in any angle (Fig 1).

Helical CT navigation was performed using a
HiSpeed Advantage (GE Medical Systems, Mil-
waukee, WD) or ProSpeed $A Libra (GE Yokogawa
Medical Systems, Tokyo, Japan) machine. Each
patient’s skin had been previously marked indicat-
ing tumor spread by a surgeon based on palpation
of the tumor. Each patient was in the supine posi-
tion, and a radic-opaque ring was put on the mark-
ing by a radiologist. Ninety ml of non-ionic CE was
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Fig 1. Multi-planner reconstruction image of 3D ultrasound.
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Fig 2. The skin marking for resection made by a surgeon
was misaligned, and the marking was adjusted to the correct
position according to the 3D helical CT image.

injected intravenously. The Xray beam thickness
was 3 mm, and the scanning was started 70 sec-
onds after giving the CE. The images were ana-
lyzed by a commercially available workstation as
previously reported®. For this navigation, the
shaded surface display method was used. If the
marking by a surgeon was misaligned from the
area where the tumor spread, the marking was
adjusted according to the CT image (Fig 2).
Three dimensional MRI navigation was per-
formed using a SIGNA 1.5T (GE Medical Sys-
tems) with a 5dnch surface coil. Patients were in
the supine position, and the images were obtained
by a fat-suppressed 2D spin echo method using a
specially created lattice sheet for mapping of the
tumor. The navigation method was detailed in a
previous report®. Briefly, after obtaining the 3D
image of the breast covered by the lattice map-
ping sheet, the grids containing tumor nests were
marked on the breast with a felt pen (Fig 3).
Real-time 3D ultrasound navigation was per-
formed with an SSD 2000 (Aroka, Tokyo, Japan)
ultrasound scanner and a 3D locating system. The
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Fig 3. 3D MRI navigation using a specialized mapping sheet. The patient is placed in the

= 408 . = 206 T - T

supine position {A). The grids containing the tumor (a large arrow) are marked on the skin

(B). A small arrow indicates the nipple.

Fig 4. The real-time ultrasound navigation system is constructed of Polaris, a workstation
(A}, a ultrasound probe with reflection balls for Polaris (B) and a video camera (C). The
reconstructed tumor image is superimposed on the patient’s video image (D}. The tumor
size was measured in two directions using the 3D image (E) and pathological mapping (F).

system consisted of a Polaris (Northern Digital,
Waterloo, Canada) 3D locator, a video camera and
a workstation. The 10 MHz linear probe and the
video camera were attached to a small acryl panel
with reflection balls for the Polaris (Fig 4A, 4B,
4C). All procedures were performed in an operat-
ing room just before surgery as reported previ-
ously®®. Briefly, under general anesthesia, the
patient was placed in the supine position for breast
cancer surgery with her arm fixed above her face.

—415—

Ultrasound images were acquired and data regar-
ding geometrical location recorded. The region of
interest (ROI) containing the tumor was cut out
from each 2D image. A 3D image was obtained
from the batch of these 2D images of ROI by vol-
ume rendering. A three-dimensional tumor image
was extracted using the opacity reference obtained
from the 2D tumor image, and was then superim-
posed onto the video image of the patient (Fig
4D). Tumor size was measured in 2 directions,
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one paralle] to the line connecting the nipple and
the tumor and one orthogonal to this line (Fig 4E,
4F). Assessment and measurement of 3D images
was performed using Virtual Place software
(Medical Imaging Laboratory, Tokyo, Japan), and
the statistical analysis was performed using
Statview software (SAS Institute, Cary, NC).

Pathological examination was done by a pathol-
ogist at each institute. Specimens were prepared
according to the General Rules for Clinical and
Pathological Recording of Breast Cancer pub-
lished by the Japanese Breast Cancer Society. The
resected tissue was sliced into 5-mm thick speci-
mens, and pathological mapping of the tumor was
performed. Tumors with infraductal components
spreading over 2 cm from the edge of the invasive
lesion were determined as ISC positive. Three-
dimensional images were compared with these
maps of the tumor, and assessed.

Results

Three-D helical CT examination was performed
for 52 primary breast cancer patients. Among them,
47 had invasive ductal carcinoma and 5 had ductal
carcinoma #n situ (DCIS). Seventeen tumors were
pathologically proven to be DCIS or to have ISC,
and 11 of them were detected by 3D helical CT
(sensitivity =64.7%). Only one patient was suspect-
ed to have ISC by 3D helical CT of 35 ISC-negative
patients (specificity =97.1%). The diagnostic accu-
racy was 86.5% (Table 1). _

The diagnostic ability of 3D MRI for ISC was
assessed in 76 primary breast cancer patients with
invasive ductal carcinoma. Thirty-seven patients
were diagnosed as having tumors with ISC by 3D
MRI out of 41 having tumors with pathologically
proven ISC (sensitivity = 90.2%). Thirteen out of 35
tumors without ISC were suspected to have ISC
by MRI (specificity =62.9%). The diagnostic accu-
racy of 3D MRI for ISC was 77.6% (Table 2).

Three-D ultrasound examination was per-
formed for 42 primary breast cancer patients.
Among 14 pathologically ISC positive tumors, 11
were detected by MPR images (sensitivi-
ty=78.6%). The specificity and diagnostic accuracy
were 100% and 92.3% respectively (Table 3).

A historical comparison of the effect of 3D heli-
cal CT navigation on breast conserving surgery is
summarized in Table 4. Helical CT navigation
reduced the positive rate of surgical margins from
40% to 18%.
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Table 1. Diagnostic Ability of 3D Helical CT for ISC*

Pathology

Positive Negative
CT Positive 11 1
CT Negative 6 34

*ISC; intraductal spread of cancer

Table 2, Diagnostic Ability of 3D MRI for ISC”*

Pathology
Positive Negative
MRI Positive 37 13
MRI Negative 4 22

*ISC,; intraductal spread of cancer

Table 3. Diagnostic Ability of 3D US for ISC”

Pathology
Positive Negative
US Positive 11 0
US Negative 3 28

*ISC; intraductal spread of cancer, US; ultrasound

Table 4. Comparison of Positive Ratio of Surgical Mar-
gin Before and After Application of 3D CT Navigation

Application of 3D CT navigation

Before After

Margin Positive/Total ()  15/38 (39.5)  20/109 (18.3)

Table 5. Result of 3D MRI Navigation Surgery for Non-
Palpable Breast Cancer

Margin Positive/Total (%) 4/12 (33.3)

Three-D MRI navigation was performed for
patients with non-palpable breast cancer showing
microcalcification detected by mammography.
Twelve patients were examined, and all tumors
were clearly displayed by MRI. Out of 12 tumors,
8 could be removed with negative surgical mar-
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Fig 5. Tumor size by 3D ultrasound correlates with the
pathological tumor size (R=0.872).
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Fig 6. Scattered plot of tumor size in two directions by both
3D images and pathological mapping. The distance between
two dots was measured, and was less than 2 ¢m in § out of 11
tumors.

gins using MRI navigation (Table 5).

~ Realtime 3D ultrasound navigation was per-
formed for 32 patients with primary breast cancer.
The time needed for navigation was about 20 min-
~utes”, Among 32 tumors, 9 tumors had pathologi-
cally proven ISC and 4 were DCIS. Eleven out of
these 13 tumors could be clearly visualized and
their sizes measured. One of 2 tumors which were
not displayed clearly was a widely spreading DCIS,
and the other was a small invasive ductal cancer
with extensive intraductal component widely
spreading in the upper quadrants. The size of the
tumors on 3D images measured in a single direc-
tion correlated with pathological tumor size
(R=0.872, p=0.002) (Fig 5). The tumor size in two
directions by 3D ultrasound and the pathological
specimen sizes are shown in Fig 6. In 8 out of 11
cases, the differences between the two were less
than 2 cm (72.7%).
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Discussion

Computer technology has allowed 3D images
to be easily obtained and analyzed by means of
not only a specialized workstation but also a per-
sonal computer. Computed tomography and MRI
acquire and reconstruct digital data, and are suit-
able modalities for 3D diagnosis. Recently, these
3D imaging modalities including helical CT, MRI
and 3D ultrasound have been applied for breast
cancer diagnosis. For breast cancer, 3D images
are useful for delineating cancer location and
spread rather than for differentiating cancer from
benign lesions, However, it is fact that each modal-
ity has both strong and weak points for detecting
ISC. From previous reports regarding ISC, MKI is
considered to be superior to CT in terms of sensi-
tivity, but inferior in specificity™. The sensitivity
is higher than the specificity with MRI, while the
sensitivity is lower than the specificity with CT. In
our series, the same tendency was observed. The
sensitivity of 3D helical CT for ISC was 64.7%,
lower than its specificity (97.1%), and the specifici-
ty of 3D MRI (62.7%) was lower than the sensitivi-

ty (90.2%). Three-D helical CT seemed superior to

MRI for detecting ISC in terms of diagnostic accu-
racy (86.5% vs. 77.6%). However, the patients
enrolled were different in each modality group in
our series, sp we can not conclude which is more
suitable for ISC detection.

On the other hand, 3D ultrasound has become
commercially available very recently. We exam-
ined the patients with MPR images, and showed
high sensitivity and specificity. Ultrasound has
several advantages in that it is real-time, non-inva-
sive, repeatable, and easy to use during surgery.
However, the current commercially-provided sys-
tem does not have a system for sensing 3D loca-
tion. Therefore, the obtained 3D volume data
were mechanically reconstructed to a cuboidal
form, which cannot reflect the real shape of can-
cer. Furthermore, the width of the probe is so nar-
row that it cannot scan both widely-spreading and
multiple tumors completely. At present, it seems
suitable for small tumors with intraductal spread
in one direction.

Even if a clear 3D image of breast cancer is

- obtained, it is of no use during surgery without

superimposing it on the patient’s body. Three-D
navigation is one of the most expecting future
technologies. We tried to assess the feasibility of
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each modality, but the system and data are prelim-
inary.

Navigation by 3D helical CT was performed by
correcting the marking indicating tumor spread
prepared by a surgeon’s palpation. This could
potentially reduce the number of positive surgical
margins in breast conserving surgery, though the
data were obtained by historical comparison. This
method seems easy to perform with no additional
special equipment. It should be acceptable in most
general hospitals.

For non-palpable lesions, complete but minimal
resection of the tumor with free margins is diffi-
cult. We tried a new navigation technique using
MRI and a special mapping sheet”. In this system,
patients were placed in the spine position, and the
skin marking for tumor removal was performed
by inking the grids containing the tumor image.
By means of this method, 8 out of 12 lesions
(66.7%) were removed without positive margins.
Of course this was very preliminary, and we
should accumulate more data to assess this sys-
tem.

One problem with navigation techniques men-
tioned above is that there must be some differ-
ence in the patient’s position between navigation
and surgery, which may result in misguiding. To
overcome this problem, we developed a real-time
navigation system using 3D ultrasound in the
operating room®®, In this system, the data were
obtained from a patient positioned for the surgery
under general anesthesia. There is no discrepancy
caused by differences in the patient’s position.
Because ultrasound images provide no geometri-
cal data in 3D space, we applied a positioning sys-
tem and acquired the image along with geometri-
cal data in the workstation. A three-D image of the
tumor was reconstructed by volume rendering
based on this geometrical data, and finally super-
imposed onto a video image of the patient. These
3D images should reflect the real shape of tumor
in the breast, which is completely different from
those obtained by currently available ultrasound
machines. The difference in tumor size between
the 3D image and the pathological specimen was
less than 2 cm in 8 out of 11 tumors (72.7%). This
indicates that 3D ultrasound navigation could be
reliable in clinical application. However, this data
was slightly less promising than that obtained for
confrast enhanced CT examination™. Ultrasound
images contain noise caused by anatomical struc-
tures of the breast and therefore technical fail-
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ures. Furthermore, there are no suitable contrast
enhanced media for ultrasound exarnination of the
breast. This might cause the slight inferiority of
visualization by 3D ultrasound compared with CT.
However, the superimposing system seemed to
have a great advantage in that it could show likely
image of the tumor to a surgeon, and therefore be
very useful for decision making for tumor resection.
We are now trying to use 3D CT images obtained
preoperatively in this navigation system as well as
ultrasound images, and this hybrid system would
provide more accurate information for navigation.
Three-D imaging and diagnosis of ICS can be
reliable, if it is performed based on 2D images or
images obtained by other modalities. It seems
useful for surgical decision-making in breast con-
serving surgery, because it can show likely and
direct image of tumor spread. However, to apply
these images for realtime intraoperative naviga-
tion, many technical problems including methods
for displaying the image must be solved. Further-
more, a prospective study with more patients

should be done to confirm its reliability,
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