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Fig. 4 Macro- and microscopic
features of RFA-treated breast
cancer and non-cancerous
tissue. a Gross features of a
mastectomized specimen
resected immediately after the
RFA procedure. The border
between the ablated and non-
ablated areas is delineated by a
congestive limbic zone
(indicated by dorzs). b The
boundary between the ablated
area (right lower to dots) and
non-ablated area (left upper to
dots). A low-magnification view
of an HE-stained section. The
control part of the ablated area
(red circle) shows highly
degenerative changes.

¢ A higher-magnification view
of the boundary between the
ablated (right lower to dots) and
non-ablated (left upper to dots)
areas. In the latter, congestive
blood vessels are evident. In the
former, mammary tissue and
stroma with mild to moderate
heating effects are observed
(HE). d The boundary between
the ablated and non-ablated
areas in the serial section of
image b. The section was
subjected to the NADH
diaphorase reaction to color
viable cells blue due to the
reduction of NBT. Only the
non-ablated area (left upper to
dots) is stained blue

Microscopy examination

The boundary between the ablated and non-ablated area
was identifiable histologically, although the effect of cau-
tery showed a gradation from strong in the center to mild or
moderate at the periphery (Fig. 4b, ¢). RFA damage to the
epithelial cells and fibrous stroma in the ablated area was
histologically visualized as follows in HE-stained sections.
Epithelial cells, both cancerous and non-cancerous, were
characterized by elongated eosinophilic cytoplasm with
pyknotic “streaming” nuclei (Fig. 5b). The intercellular
boundary and details of the nuclear and cytoplasmic texture
were unclear. Fibrous connective tissue also showed
degenerative changes resulting in dense homogeneous and
highly eosinophilic features (Fig. ). The original delicate,
wavy structure had entirely disappeared. Fibroblasts in the
area also showed thermal degenerative changes identical to
those seen in epithelial cells.

At the periphery of the ablated area, epithelial cells
showed coarse and plain nuclear chromatin due to the

thermal effect (Fig. 5¢). The boundary between ablated and
non-ablated areas was usually characterized by congestive
blood vessels, which were grossly evident as a red limbic
zone (Fig. 4a). The effects of heating were sometimes
relatively mild to moderate near the limbic zone, because
the nuclear and cytoplasmic features characteristic of cell
death at the periphery of the ablated area adjacent to the red
zone were less marked (Fig. 5c) than those in the central
ablated area.

Comparison between NADH diaphorase reaction
and histopathological findings

Nicotinamide adenine dinucleotide diaphorase-stained
sections showed no reaction in tumor cells at the center of
the ablated area, where tumor cells and stroma showed
marked heat degeneration. The border between the NADH
diaphorase-positive and -negative areas was relatively clear
and sharp (Fig. 4d). NADH-positive cells showed the fine
structures of intact nuclear chromatin and cytoplasm
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Fig. 5 Comparison of
histopathological features of
RFA-treated breast cancer tissue
with histochemical results of
NADH diaphorase staining.

a, d A non-ablated invasive
ductal carcinoma (control
specimen). b, e An invasive
ductal carcinoma showing a
strong effect of RFA cautery.
¢, f An invasive ductal
carcinoma showing a moderate
heating effect of RFA. a Fine
structure of the nuclei and
cytoplasm of tumor cells, and
the collagen fibers of the stoma,
are preserved. b Ablated tumor
cells show an elongated
cytoplasm with “streaming-
like” nuclei. ¢ Ablated tumor
cells are characterized by pale
cytoplasm and rough chromatin
in the nuclei with an unclear
cellular border. d This
carcinoma shows a positive
NBT reduction reaction,
staining the cells blue,
indicating histochemical
positivity for NADH diaphorase
activity. e This carcinoma
shows a negative reaction for
NADH diaphorase, indicating
an absence of viable tumor
cells. An invasive ductal
carcinoma showing a strong
cautery effect of RFA. f This
carcinoma shows a negative
reaction for NADH diaphorase,
indicating an absence of viable
tumor cells

(Fig. 5a, b), surrounded by a fine, delicate fibrous stroma.
In each tumor, the NADH-negative area was approximately
equivalent to the area circumscribed by the congestive
limbic zone. Neither the central area showing strong effects
of cautery, nor the peripheral part of the ablated area
showing less marked effects showed the NADH diaphorase
reaction (Fig. 5d, 1).

Discussion

We have described the macro- and microscopic findings
characteristic of the cautery or heating effect of RFA,
based on examination of specimens resected immediately
after the procedure. The histopathological features of cel-
lular damage described by some authors have included an
unclear intercellular boundary, elongated eosinophilic
cytoplasm, pyknotic “streaming” nuclei, and poorly
defined nuclear and cytoplasmic texture [{, 4]. In addition,
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we found that the RFA procedure caused fibrous connec-
tive tissue to lose its delicate wavy structure and to
degenerate to dense eosinophilic tissue with a loss of fine
structure.

The area in which RFA was histologically effective was
mostly concordant with the area of NADH diaphorase
negativity, especially in the central part of the ablated area.
At the periphery, however, cellular change caused by RFA
was less marked, and the NADH diaphorase reaction
visualized by NBT was usually negative. Fornage et al.
described the histopathological changes observed in RFA-
treated breast tissues in a study of 21 patients. The changes
were similar to those observed in the present study, and
were concordant with the results of NADH diaphorase
staining [4]. However, a large number of cases should be
studied in order to establish criteria for the histopatholo-
gical effect of RFA. Although the histochemical assay for
NADH diaphorase activity is reliable, it cannot always be
performed in routine practice. It will therefore be necessary
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Fig. 6 a Non-ablated stromal
tissue in the breast demonstrates
the fine wavy structure of
collagen fibers (control
specimen). b, ¢ A highly ablated
stroma showing eosinophilic
and amorphous features without
a fine wavy texture. Nuclei of
fibroblasts are also pyknotic

to standardize criteria for the effects of RFA that are
applicable to formalin-fixed and paraffin-embedded tissue
sections.
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Abstract

Purpose To evaluate the safety and efficacy of radiofre-
quency ablation (RFA) as a local therapy for early breast
carcinomas, we performed a phase I/I study at our
institution.

Patients and methods Fifty patients with core-needle
biopsy-proven breast carcinoma that was <3 c¢m in diam-
eter on ultrasonography were enrolled in this study. Under
ultrasound (US) guidance, the tumor and surrounding
breast tissue were ablated with a saline-cooled RF elec-
trode followed by immediate surgical resection. Resected
specimens were examined by hematoxylin and eosin
(H&E) staining and nicotinamide adenine dinucleotide
(NADH) diaphorase staining to assess tumor viability.
Results  Forty-nine patients completed the treatment. The
mean tumor size was 1.70 cm. The mean ablation time was
8.7 min using a mean power of 48.5 W. Of the 49 treated
patients, complete ablation was recognized in 30 patients
(61%) by H&E staining and/or NADH diaphorase staining.
The NADH viability staining was available for 38 patients,
and in 29 (76.3%), there was no evidence of viable
malignant cells. Of the 29 treated patients with breast
carcinomas <2 cm in diameter examined by pathological
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examination, complete ablation was achieved in 24 patients
(83%). Of the 26 treated patients with breast carcinomas
without an extended intraductal component (EIC) accord-
ing to pathological examination, complete ablation was
determined in 22 patients (85%). RFA-related adverse
events were observed in five cases: two with skin burn and
three with muscle burns.

Conclusion RF ablation is a safe and promising mini-
mally invasive treatment for small breast carcinomas with
pathological tumor size <2 cm in diameter and without
EIC.

Keywords Radiofrequency ablation - Local therapy -
Early breast carcinomas - Phase I/II study

Introduction

There has been a change in the management of cancer
patients with localized disease from total mastectomy to
lumpectomy complemented by adjuvant radiotherapy and
chemo-endocrine therapy, without significant outcome
[1, 2]. Early detection of small breast lesions may further
change the attitude toward less invasive and even non-
invasive management [3].

A major goal of breast-conserving treatment is the
preservation of a cosmetically acceptable breast. Although
a variety of patient and treatment factors have been
reported to influence the cosmetic results, the amount of
breast tissue resected appears to be a major factor [4].
Several investigators are studying the feasibility of percu-
taneous minimally invasive techniques to ablate breast
tumors. Several modalities, such as cryosurgery, laser
ablation, thermoablation, and high-intensity focused US,
have been investigated [5]. By minimizing damage and
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disruption to normal surrounding tissue, the morbidity of
local treatment, such as scarring and deformity, can be
reduced, and the cosmetic results can potentially be
improved. With the widespread application of screening
mammography, the mean size of the breast tumors detected
has continued to decrease, which further emphasizes the
need for less invasive means for achieving local tumor
destruction, such as RF ablation [6].

The aim of this phase I/II study was to determine the
safety and efficacy of radiofrequency ablation (RFA) of
early breast carcinomas using saline-cooled electrodes. Our
secondary goals were to determine the size, configuration
and pathological features of acute RF ablative treatment of
breast carcinomas.

Patients and methods
Patients

All patients had a prior histological diagnosis of breast
cancer established by stereotactic or US-guided core
biopsy. Core biopsy had to be adequate for routine patho-
logical evaluations (grade, estrogen receptor, progesterone
receptor, Her 2-neu) because after RF ablation has been
performed, viable tumor may not be available for these
analyses.

Eligibility criteria included age between 20 and 90 years
and tumor size <3.0 cm in diameter on US examination.
Patients were excluded if there was evidence of diffuse
calcification suggestive of extensive multifocal ductal
carcinoma in situ of more than 3.0 cm in size.

MRI was performed on all patients to evaluate the
lesions more precisely and compared with the results of RF
ablation. Patients treated with preoperative chemotherapy
were excluded. This study was approved by the National
Cancer Center, Japan Institutional Review Board, and all
patients provided written informed consent.

Treatment

All patients underwent breast US and MRI preoperatively
to determine if the tumor was visible in order to facilitate
US-guided RF ablation. The patient could elect to
undergo either a lumpectomy or a mastectomy as in both
situations the RF ablated tissue would be available for
pathological review. Sentinel lymph node biopsy (SLNB)
was performed for axillary staging. Tracers for SLNB
were injected into the subareolar parenchyma to prevent
the interference -of air/fluid with intra-operative US
imaging.

After general anesthesia was induced and SLNB
was completed, the breast tumor was identified with

intraoperative US using the Toshiba Aplio XG SSA-790A
(Toshiba Medical Systems Corporation, Otawara, Japan)
with a PLT-1204AT (2D, 12 MHz) and a PLT-1204MV
(4D, 14 MHz) probe. Under US guidance, the 17-gauge
Valleylab™ RF Ablation System with Cool-tip™ Tech-
nology (Covidien, Energy-Based Devices, Interventional
Oncology, Boulder, CO) was inserted in the center of the
tumor (Fig. 1). With US imaging in the two planes, we
ensured that the electrode was located in the center of the
lesions using a linear 2D probe for the vertical image
and 4D probe for the coronary image (Fig. 2). In all cases,
a 2-cm active tip electrode was used. Before ablation, we
injected 20 to 40 ml of 5% glucose to avoid skin or muscle
burn. The needle electrode was attached to a 500-kHz
monopolar RF generator capable of producing 200-W
power. Grounding was achieved by attaching two
grounding pads to the patient’s thighs before the producer.
Tissue impedance was monitored continuously using cir-
cuifry incorporated into the generator. A peristaltic pump
(Watson-Marlow, Medford, MA) was used to infuse 0°C
normal saline solution into the lumen of the electrode at a
rate sufficient to maintain a tip temperature of 15-25°C.

RF energy was applied to tissue with an initial power
setting of 10 W and subsequently increased with incre-
ments of 5 W each minute to a maximum power of 55 W.
Saline circulating internally within the electrode cools the
adjacent tissue, maximizing energy deposition and reduc-
ing tissue charring. The power setting was left at this point
until power ‘rolloff’ occurred. Power rolloff implies that
there is an increase in the tissue impedance caused by loss
of sodium chloride, which occurs with tissue coagulation
around the monopolar electrode. When this occurs, the
power generator will shut off, stopping the flow of current
and further tissue coagulation. After waiting 30-60 s, the
second phase was started at 75% of the last maximum
power until a second rolloff occured. The appearance and
progression of hyperechogenicity on US were used to
guide the therapy. Radiofrequency was applied until the
tumor was completely hyperechoic (Fig. 3). To minimize
thermal injury to the skin, sterile ice packs were placed on
the breast during the ablation procedure (Fig. 4). Follow-
ing RF ablation, standard tumor resection was achieved
with either a wide local excision or mastectomy according
to the preference of the patient. The surgical specimen
was obtained and immediately sent fresh to the pathology
department.

Pathological evaluation
Frozen section

Specimens resected by the surgeons were submitted to
the pathologists for nicotinamide adenine dinucleotide
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Fig. 1 Technique for performing breast radiofrequency ablation (RFA). Under ultrasound guidance the RF electrode is percutaneously inserted

into the breast tumor. The needle is seen transversing the target tumor
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Fig. 2 Confirmation of the location of the needle using a 4D probe.
With ultrasound imaging in the two planes, we ensured that the
electrode was located in the center of the lesions using a linear 2D
probe for the vertical image and 4D probe for the coronary image

(NADH) diaphorase cell viability analysis and routine
histopathological examination. A tissue slice including the
representative cut surface of the tumor and non-ablated
mammary glands was removed and subjected to frozen
section preparation.

One to two pieces of representative tumor tissue and
another piece of non-ablated mammary gland were snap
frozen in liquid nitrogen and cut into 5-pm-thick sections
using a cryostat (Shiraimatsu, Tokyo, Japan). One of the
sections was stained with H&E and was microscopically
confirmed to contain the representative tumor tissue and
non-ablated mammary gland tissue. Other sections were
stored at —20°C until NADH diaphorase assay.
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Fig. 3 Intraoperative breast ultrasound. Radiofrequency was applied
until the tumor was completely hyperechoic

Fig. 4 Skin protection. Skin is protected by the placement of an ice
pack during the RFA procedure
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Histological analysis

From residual tissue specimens, an entire representative cut
surfaces of the ablated tumor and surrounding tissue were
taken as tissue blocks for histopathological examination.
The blocks were formalin-fixed, paraffin-embedded and cut
into 3- to 4-pm-thick sections. These sections were stained
with HE. Histopathologically, the viability of tumors was
evaluated in consideration of thermocautery artifacts.
When the degeneration was marked in cancer cells, the
effect of thermocautery was effective. The tumor area with
marked degeneration was calculated for each case.

Immunohistochemically, expression of estrogen recep-
tor (ER, clone ID5 clone, Dako, Glostrup, Denmark),
progesterone receptor (PR, clone 1A6, Dako) and HER2
(Herceptest, Dako) were examined. For ER and PgR, a
tumor was judged as positive if 10% or more of the tumor
cells showed positive nuclear immunoreactions irrespec-
tively of the intensity of the immunoreactions. For HER2,
judgment about immunoreactions was made according to
the recommendations of the ASCO/CAP guidelines.

NADH diaphorase cell viability analysis

The enzyme histochemical analysis of cell viability was
performed based on the reduction of nitroblue tetrazolium
chloride, a redox indicator, by NADH diaphorase, resulting
in an intense blue cytoplasmic pigmentation. The activity
of this enzyme has been shown to subside immediately
upon cell death. For this analysis, 5-um cryostat-cut
unfixed sections were placed in a coprin jar and incubated
in 0.05 M tris-buffered saline (TBS, pH 7.4) containing
500 mg/l tetranitro blue tetazolium and 800 mg/l f-NADH
(Sigma-Aldrich Corp., St. Louis, MO) for 30 min at 37°C.
Thereafter, the sections were fixed in 10% formalin for
30 min, washed with distilled water for 2 min and mounted
with a cover glass. Based on the area of cells with blue
cytoplasmic staining, the viability of tumor cells and non-
ablated mammary gland cells as control was evaluated.

Results

Fifty patients were enrolled in the study, and 49 completed
RF ablation therapy. For one patient, the ablation system
had some trouble, and we decided not to proceed with the
therapy. The patient demographics of the 49 patients who
received the proposed RF ablation therapy are shown in
Table 1. The median age was 61 years (range 36-82). The
median breast tumor size based on the ultrasonographic
maximum dimension was 1.70 cm (range 0.5-3.0). The
histology was invasive ductal carcinoma for 43 patients
(88%).

Table 1 Patient demographics of 49 patients

Number of patients

Age (years)

Median 61

Range 36-82
Method of diagnosis

Mammgoram screening 32 (65%)

Palpable mass == mammogram 17 (35%)
Tumor classification

Tis 1 2%)

T1 34 (69%)

T2 14 (29%)
Tumor location

Upper outer 18 (37%)

Lower outer 5 (10%)

Upper inner 18 (37%)

Lower inner 7 (14%)

Central 1 (2%)
Tumor size on US (cm)

Median 1.70

Range 0.5-3.0
Tumor size on MRI (cm)

Median 1.50

Range 0.7-4.5
Lymph node status

NO 44 (90%)

N1 5 (10%)

RF ablation time ranged from 3-18 min (mean 8.7 min).
Mean tumor impedance was 195.1 Q, and for 4 of 49
patients, there was a reduction in the impedance during
treatment by a mean of 53.4 Q.

A median of one cycle and a mean power of 48.5 W
(range 5-118 W) were used to achieve tumor ablation.

RFA of the breast tumor was monitored with ultraso-
nography every 3 min.

In 49 patients, as tumor heating around the multiple array
electrodes developed, an ill-defined, hyperechoic zone
developed. The size of the ablation measured by ultraso-
nography ranged from 15 to 50 mm (mean 27.3 mm).

RFA-related adverse events were observed in five cases
(10%): two with skin burns and three with muscle burns.
The entire skin burn area was excised during the breast
tumor resection, and the patient had no further sequelae.
These events occurred in initial cases. So, in order to avoid
these burns, 10 ml of 5% glucose was injected between the
skin and tumor, and also between the muscle and tumor.
Since then, no skin burns have been observed.

There was no bleeding from the needle track upon
removal of the RFA needle electrode in any of the 49
patients.
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Fig. 5 NADH viability study. a H&E section of non-ablated breast tumor; b NADH viability study of non-ablated breast tumor T; ¢ H&E
section of ablated breast tumor; d NADH viability study demonstrating non-viable ablated tumor (magnification x200)

Surgical resection consisted of total mastectomy in 27
patients, whereas 22 patients underwent wide local exci-
sion. In the early stages of this study, we selected the
patients with small breast cancers who prefered to be
treated by mastectomy.

On H&E examination, the tumor architecture was
maintained despite ablation, which allowed the pathologi-
cal size to be assessed accurately. The RFA-treated carci-
nomas showed a range of pathological findings. All of the
treated tumors showed elongated nuclei with smudged
chromatin (Fig. 5¢). All cases showed extensive electro-
cautery changes with densely eosinophilic stromas.

In resected samples ablated with a 2.0-cm active tip of
the electrode, the results of H&E and NADH examination
showed that the mean diameter of the major axis was
3.0 cm (range 0-6.6 cm) and of the minor axis 2.2 cm
(range 0-6.6 cm) (Table 2).

NADH viability staining was available for 26 patients,
and in 20 (76.9%), there was no evidence of viable
malignant cells (Fig. 5d).

Among cases of tumor diameter less than 2 cm in
pathological examination, the NADH viability staining was
available for 22 patients, and in 20 (90.9%), there was no
evidence of viable malignant cells. The two viable cases
were due to insufficient ablation; the reason for one case
was a defective device and for another case was that the

@ Springer

impedance was too high for the tumor to be ablated
completely.

In H&E examinations, all tumors diagnosed with non-
viability with NADH staining had confirmed changes with
characteristics, i.e., amorphism, in the interstitial cells,
linear form, rarefaction and inspissation in the nucleus of
epithelial cells, etc.

Among most of the cases with viable malignant cells
diagnosed with NADH staining, each tumor diameter was
nearly 3 cm. Only one case had incomplete ablation of the
index tumor because the tumor was eccentric within the
RFA zone.

In total, on H&E and or NADH staining, 18 patients
(37%) in 49 RFA cases had some viable invasive or in situ
disease seen in the surgical excision specimen.

Table 3 shows treatment results depending on the
pathological tumor size, including both invasive and
intraductal lesions measured in surgical excision speci-
mens. Out of 29 cases with tumor diameters <2 cm in
pathological examination, 25 (86%) had confirmed com-
plete ablation. In 20 cases of tumor diameter >2 cm, only
6 cases (30%) showed confirmed complete ablation.
Table 4 indicates that the treatment result also depended
on the existence of an extended intraductal component
(EIC) of the tumor in the surgical excision specimen.
In 26 cases of tumor without EIC in pathological
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Table 2 Pathological findings for 49 patients

Number of patients

Tumor type
Invasive ductal 43 (88%)
Invasive lobular 1 2%)
Mucinous 2 (4%)
Medullary 2 (4%)
DCIS 1 (2%)
Tumor grade
1 22 (45%)
2 16 (33%)
3 11 (22%)
Pathological nodal status
Negative 39 (80%)
Positive 10 (20%)
Pathologic tumor size (cm)
Median 1.7
Range 0.1-8
Extended intraductal component (EIC)
Present 23 (47%)
Absent 26 (53%)
Pathologic response to RFA
Longest diameter of ablation zone (cm)
Median 3.0
Range 0-6.6
Shortest diameter of ablation zone (cm)
Median 2.2
Range 0-6.6
Incomplete tumor ablation 19 (39%)
Residual INV 8 (16%)
Residual DCIS 11 (23%)

RFA Radio frequency ablation

Table 3 Correlation between pathological tumor size and tumor
ablation

Pathological No.of  Complete tumor  Incomplete tumor
tumor size (cm)®  patients  ablation (%) ablation (%)

<2 29 25 (86) 4 (14)

>2 20 6 (30) 14 (70)

# Size of invasive and DCIS

Table 4 Correlation between existence of EIC and tumor ablation

No. of Complete tumor Incomplete tumor
patients ablation (%) ablation (%)

EIC present 23 9 (39) 14 (61)

EIC absent 26 22 (85) 4 (15)

EIC Extended intraductal component

examination, 22 (85%) had confirmed complete ablation.
In 23 cases of tumor with EIC, only 9 (39%) had con-
firmed complete ablation.

According to these results, pre-RFA MRI detection
with ultrasonography should be examined to detect the EIC
of the tumor, and appropriate cases for RFA must be
determined.

Discussion

Radiofrequency ablation is mainly used in clinical practice
to treat unresectable hepatic tumors, and so far experience
with breast carcinomas is limited [7-12].

RFA causes local tumor cell destruction by thermal
coagulation and protein denaturation [5, 7, 13]. The higher
the target temperature, the less exposure time is needed for
cellular destruction [14, 15]. Cell death occurs above 45—
50°C approximately. The target temperature mostly used at
the tip of the prongs was 95°C and was maintained around
15 min [16]. It is conceivable that this setting could result
in melting the fatty tissue, with bad cosmetic results.
However, the lesions might be destroyed equally well with
a lower target temperature and shorter ablation time [8].

Clearly, more research on the radiofrequency dose and
effect is necessary to optimize RFA in breast carcinomas.

The shape, size and design of the RF electrode deter-
mined the shape of the ablation zone and, in the end, the
success of the procedure. Because the size of the thermal
lesion is limited using a single-needle electrode, multiarray
electrodes have been developed that can produce thermal
lesions of 3-5 cm in diameter.

In our trials, the ablation zone with a 2-cm active tip of
the electrode had the following characteristics: the mean
diameter of the major axis was 3.0 cm (range 0-6.6 cm)
and that of the minor axis was 2.0 cm (range 0-6.6 cm).

However, some studies reported the distance between
the tumor and the skin and the chest wall should be at least
1 cm because of possible burning of normal tissue. Lateral
compression of the breast during the entire ablation pro-
cedure or ice cooling in cases of borderline distance to the
skin is also essential to prevent possible skin burns [7, 8].

However, using a 5% glucose injection between the skin
and tumor, and between the chest wall and tumor, and
cooling skin with ice in order to avoid these burns, a tumor
diameter less than 1 cm could be achieved with RFA.

The difficulty in assessing the margin of the ablated
lesions is a limitation in all percutaneous ablation tech-
niques. To minimize the risk of local recurrence and to
make sure the whole tumor and safe margin are ablated, the
lesions need to be excised with a rim of at least 1 cm.

After excision, tumor viability is tested by NADH
diaphorase. Almost every study described immediate
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excision of the ablated lesion [8, 10-12]. Burak et al. and
Hayashi et al. [1, 9] had an interval of 1-3 weeks before
excising the ablated zone. It was hypothesized that due to
the effect of local vessel thrombosis and necrosis of sur-
rounding tissue, the ablated zone expands in the period of
time and provides a more accurate excision. In the end, the
two trials did not have higher percentages of complete
tumor ablation compared to the other studies, and it was
concluded that an interval time between ablation and
excision of the tumor might not be necessary [7, 9].

In cases of tumor diameter less than 2 cm, the NADH
viability staining was available for 22 patients, and in 20
(90.9%), there was no evidence of viable malignant cells.
The other two viable cases were due to insufficient abla-
tion; the reason for one case was a defective device and for
another case that impedance was too high for the tumor to
be ablated completely. Breast cancer tissue is usually
composed of tumor, normal tissue, fat, vessels, etc., and
shows heterogeneity. The fat tissue has one of the highest
electrical resistances. High resistance mean less effect from
electrical power, such as radiofrequency. Therefore, we
suspect that in our cases the component with high imped-
ance against RFA might be fatty.

Up until now, only one pilot study has been performed
that tested RFA in three elderly patients with breast
cancer without excision of the ablated zone [17]. All three
patients completed the treatment without complications,
and after 18 months of follow-up, no recurrence had
occurred. In the future, if RFA is to be used as a
replacement for surgery, CNB might also be an option to
confirm successful ablation. Fornage et al. suggested that
multiple core-needle biopsies through the ablated lesion
and its periphery should be obtained 3—4 weeks after the
RFA procedure.

An indication for RFA can be early breast cancer (T <
2 cm). In 29 cases of tumor diameter <2 cm, 25 (86%)
were confirmed to have complete ablation (Table 3). In 26
cases of tumors without EIC in pathological examination,
22 (85%) were confirmed to have complete ablation. In 23
cases of tumor with EIC, only 9 (39%) were confirmed to
have complete ablation. According to MRI detection,
tumor diameter and the EIC could be evaluated more
accurately. Appropriate cases for RFA should be selected
deliberately after enough diagnosing with US and MRI
detection concerning the diameter, type, EIC, multiple
lesions, etc.

The optimal conditions for RFA correlate to results
under the following conditions: (1) tumor diameter <2 cm
diagnosed with US and (2) <2 cm except for multiple
lesions and extended intraductal spread of lesions of more
than 2 cm diagnosed with MRI detection.

Also, in two cases, the tumor body could not be ablated
sufficiently. Effects of RFA depend on tissue resistivity, so
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fatty tissue and tumor components can affect these effects. -
Components of breast carcinoma are different for each
patient, and further studies are needed. In cases in which
the initial resistance is too high and rolloff occurs imme-
diately, as our study showed, the target temperature cannot
be reached, and procedures should be changed from RFA
to lumpectomy for the patients’ safety. The reasons for
these incidents need to be examined with resected samples.

In Japan, RFA is a popular treatment method for liver
cancer.

Half of liver cancer patients are treated by RFA. This
system is familiar to many physicians even in local hos-
pitals and clinics.

Although cryoablation and the HIFU have not been
approved by the Japanese government, only RFA has been
approved and has the possibility to be admitted as an option
for local treatment.

RFA seems to be a promising new tool for a minimally
invasive procedure for small breast carcinomas. However,
follow-up data regarding the local effects on the sur-
rounding breast tissue or recurrence rates are hardly
available. Further research will be necessary to establish
the optimal technique and to demonstrate the long-term
oncological and cosmetic effects of RFA.

Acknowledgments This study was supported by a grant from the
Clinical Research for Development of Preventive Medicine and New
Therapeutics of Health and Labor Science Research of Japan.

References

1. Fisher B, Remand C, Poisson R, et al. Eight year results of a
randomized clinical trail comparing total mastectomy and
lumpectomy with or without radiation in treatment of breast
cancer. N Engl J Med. 1989;320:822-8.

2. Veronessi U, Salvatori B, Luini A, et al. Conserving treatment of
early breast cancer: long term results of 1232 cases treated with
quadrantectomy, axillary dissection and radiotherapy. Ann Surg.
1990;211:250-9.

3. Olsen O, Gotzche PC. Cochrane review on screening for breast
cancer with mammography. Lancet. 2001;358:1340-2.

4. Vreling C, Collette L, Fourquet A, et al. The influence of patient
tumor and treatment factors on the cosmetic results after breast-
conserving therapy in the EORTC7 ‘boost vs. no boost’ trial.
EORTC Radiotherapy and Breast Cancer Cooperative Groups.
Radiother Oncol. 2000;55:219-32.

5. Singletary SE. Minimally invasive techniques in breast cancer
treatment. Semin Surg Oncol. 2001;20:246-50.

6. Cady B, Stone MD, Schuler JG, et al. The new era in breast
cancer. Invasion, size, and nodal involvement dramatically
decreasing as a mammographic screening. Arch Surg. 1996;
131:301-8.

7. Burak WE, Agnese DM, Pozoski SP. Radiofrequency ablation of
invasive breast carcinoma followed by delayed surgical excision.
Cancer. 2003;98:1369-76.

8. Fornage BD, Sneige N, Ross MI. Small (<2 cm) breast cancer
treated with ultrasound-guided radiofrequency ablation. Am J
Surg. 2004;231:215-24.

— 147 —



Breast Cancer (2011) 18:10-17

17

10.

11.

12.

13.

. Hayashi AH, Silver SF, van der Westhuizen NG. Treatment of

invasive breast carcinoma with ultrasound-guided radiofrequency
ablation. Am J Surg. 2003;185:429-35.

Izzo F, Thomas R, Delrio P. Radiofrequency ablation in patients
with primary breast carcinoma: a pilot study in 26 patients.
Cancer. 2001;92:2036-44.

Jeffrey SS, Birdwell RL, Tkeda DM. Radiofrequency ablation of
breast cancer: first report of an emerging technology. Arch Surg.
1999;134:1064-8.

Noguchi M, Earashi M, Fujii H. Radiofrequency ablation of small
breast cancer followed by surgical resection. J Surg Oncol.
2006;93:120-8.

Van den Bosch MAAJ, Daniel BL. MR-guided interventions of
the breast. Magn Reson Imaging Clin N Am. 2005;13:505-17.

— 148 —

14.

15.

17.

Curley SA. Radiofrequency ablation of malignant liver tumors.
Oncologist. 2001;6:14-23.

Dickson JA, Calderwood SK. Temperature range and selective
sensitivity of tumors to hyperthermia: a critical review. Ann NY
Acad Sci. 1980;335:180--205.

. Dickson JA, Calderwood SK. Thermosensitivity of neoplastic

tissues in vivo. In: Storm F, editor. Hyperthermia in cancer
therapy. Boston: GK Hall Medical; 1983. pp 63-140.

Susini T, Nori J, Olivieri S. Radiofrequency ablation for mini-
mally invasive treatment of breast carcinoma. A pilot study in
elderly inoperable patients. Gynecol Oncol. 2006;26:304-10.

@ Springer



i

AN 10 %

EABEISIHE L 0 S & BRGE

I. RFA

Summary

LBEONEAESILEREFIOEY
FRIVU I EERRED T TICEERL
TWB. FHICBVTHIBEOEBER
FEIZEEBIC, IUEIS T8
DERCEGRZENEDESICKD, R
IBORAREOIENENLTETL
Do COFIHTRANBRLBEDEE
[CIGRA BT, TOHUBDIEREBRIFEE
T#% non surgical ablation EEHNE
BENEUsre. REBRTEEICRAT
NTWVBDIFRIEEE (cryoablation),

MR - RTERBEREE (MRgFUS),

ST KB E B EE (radiofrequency
ablation : RFA) THaH, EBDER
ELEEIHS RFADEREICERLT
Wofce —7, HDNbHNOKEER Tlk 2006
FEXOBEEETMAETICRBIEIC

YD RFA DZERIBRABRERREL.

ZOBEIGERAZHSHICLTERZDT
BN 3.

Surgery Frontier 18(3) : 19-26, 2011

1. 2RISR % B
s & PRSL— RFA #rhuiic—

Feasibility study on radiofrequency ablation for small breast carcinomas

and future study

WILITBUEABILY AR € > 2 —hRIFRILIGES S5

Key Words

& U & [

BHAEOREEL LTOIFER
HEFER, R TIE 1980 RS H
EHSEEL b o THEA XN,

LD

KT Bz
Takayuki Kinoshita
(BE)

g SYLSRARERE BEERHONE ReuER

W OILFERAFH#RE L LT non surgi-
cal ablation therapy YA SN TE T
Wb, RFAOEHIIZHERICL Y

BEFBOMGEIZA 4 P OEHIES,
TOMRE LTE LB BEBHIC L ) i

WaifbF e AT R EIICLD
BAHISENAL, BIETIZHG6 ‘J
DREVREESTTWE, —7F,

Mz B, BSEBb0TH S,

SAES VI LO—

ARRTIE, BRI EET 2%
LTWaBHETO RFAREERKED

I—IVF v T RF V2T LOFEB L BEE

AM 7 VFIEVERBOBREZAGICHEL, BEMBOEIIZTY 2 - V¥
BHEAELTHEZ RN T 2, MBI 28 0OREI 50 C CRT S8 8SEd
HIEFE D, 100 TS TR - BRREET S, RFAORKREHELBEREIL 60
TULTH B,

KY AT LD E LU TICRT,

CHHEDREL 12k, BAROMRESNETE B, 22250, MR

g, StomRRASTA - (BEEIL), WETREE,

A V=T AT ba—LE-F ) ICLD, BAMREBDLI LN
T&%,

MILGUEDS, MR LD 20 QdMoo b &, BEHMICH A 0.005A 2% 5
REEDS 15 BB (LA 2 R u—NFd 7 EMRIENS). 7L 4 7141,
STV A OB THM. ML VBT - 4 2 Vo tA
WE, SRR ENS,

Surgery Frontier Vol.18 No.3 2011 (221) 19

— 149 —



0.5¢cm

MR L SROMBEROWTHIT 2,
- FIRICHT B RFA DRR

RFA REINTIRIFEOHBIRE L
THWHLRTWA, Cool-tip =— N
(17G) TORBIC BT 2HHET V%
B 112" L 720 exposure size 1.5cm
MR L7226, W 3 em OIS
BHSNhBEZ EIIh D, COFHEI
FISHA LD 0T, S, T e R
U7 RORRMSII=— FAMHLR
T7zAs, FLIRHLERA IR & Ho~_ TRl
<, LIS WS, EEA~OME
foay =L &R EHh
B, BIETIX Y Y/ V=— FVTHa
v ] a— b %% 7% Cool-tip RF Sys-.
tem (COVIDIEN, energy-based devic-
es, Interventional Oncology, Boulder,
CO, USA) HEICHHNT WA,

KEoRm e LTk, ITHSGNET
FTTIHR LT LS EMIIT 572
W, WRETTAMHTIEI=— LD
WADATETELDT, HYET
R AU HEMEAE Ve KEELT

20 (222)

Surgery Frontier Vol.18 No.3 2011

&, R DRI 7280 & B IR T
TOEGAHIREN D Z &, HEEPIC
AP AR ST W) BHEET B
7= DT IR TOBIHAR OB )
WiEcH s L, RISz
BT O — B0 RG-S ORI %
DI LR ENETLENS,

2010 4EKEIC HARFIRFE BRI THEM
N7 rr—MNEICEBE,

WX A RFA W EA 29 i 4G L,

FEBI L 1,049 FEBITH B T & 27T
L7co 7272 LMo RRdEfy 3%, &R
Kl E b F HC, WKW E LT
ML ThARWHERED P A b3 Hd 5
Nz TIIH L THARLME A TR
FL% RFPA BB E LCHELT 5
I EEE L, 72, AMEEAE
BIEIERTIE, BEDO74+0-T v
77— % QOL 2 LT H Mk L,
Wb LEZ, MEEToTwWa,

WhRICH T D RFA DERE

WM TIE, 20064E6 A X b i
BRASORKHDOTIZ, RFADEE

— 150 —

B 1

R

I lEiE T D BFA — Cool-tip = — LMD
BLMEEER (5% TR

17G O Cool-tip RF Y AF LY T = — Fivit, FEH
DERICEDHE, exposure size (HEBIEE) %1 cm, 2
cm, 3cm ERIRTE 3, J L —»ROEE,

#4: & RFA Maf7 % (SO BR B A1 T L
AR IV FHI % 17 9 R a2 b
I L7 primary endpoint (&7
DT SL & EI L O FAl, secondary
endpoint % YLl 85 % 9 0 Bl J7 i &
LC, BiEEHIEE 40 B & LT
L7zo ARTWFIEIE, TEAS710) 2 DERRIY
AR E LChIa L, RS R
(B=BRMIER) ~NET &k T
FhE S sz, WAHYIC B0 PIBSK S I,
49 BIH L CHRIEIIT DL KR
JEFIZRF 1V ITR L . RBRBIMG 1w,
st LEWEROEMZNRE L
O MEEE3em TERMGE LTW
bo WL T, BF MM (US)
BIXUMRI #4HE LT, TEED
ENE US 2 &A & Lo
WEETORHIE, USH A FTICR
B2 Cool-tip = — F v (17G) % il
EOHLLBICHIE T2 (B 2)o BRT2A
BoLRi o712, REA TS0
PRGN & AN 5 % 7 N B R
AL, & HITIEMIIERFEEZ T
B 2 T 5o Hathidid US 12Tl




NS5 5
ENEE RS R EE DM & PR

#1 BEEE R B
i (%) _
RRfE 61

Loy 36 ~ 82
BUHHE -

TLETTT 4B FERE L) 32(65%)

BEERS Y 17(35%)
THE '

Tis 1(2%)

T 34(69%)

T2 14(29%)
EHLERGE

c ‘ 18(37%)

D 5(10%)

A 18(37%)

B o 7(14%)

E O 1e%)
US [EER& (cm)

R 1.70

Loy 05~30
MRI [ (cm)

hR(E, 1.50

Loy 0.7 ~45
BEFRED ) >/ RS (N) )

NO 44(30%)

N1 5(10%)

B2 EWHEUSHA

NTICZER
BEEH A K TIC Cooltip
Z—- KN EBEOHRLEEL
LICEHTE, TORICZ—
KL D& » 5 BE OB %
(GREfz, BAL) £ TOIER * 5t
ML, BELTH

Surgery Frontier Vol.18 No.3 2011 (223) 21

— 151 —



e - o e

22

(224)

Surgery Frontier Vol. 18 No.3 2011

— 152 —

3 RFABRTHEOIEDBENG
RFARRT#%, BENEHTELANTLGCES
b3, COMEMEEEALTS G

B4 RFAJTT, FERRITIEE ORIEG

A ' RFAFEREITRESE O HAE $a1% (X 400)

B ! RFA JEMEITREE O NADH &% (X 400)

C : RFABETTREIE M HAE &% (X 400)

D ! RFA BEFTRESE OO NADH Z:a1& (X 400)
(h5-95E7p2 BE1ER)



2 EEBRRRER ’

JBE OB IREEE= ) ¥
LR T O RFA A o rp Y
13 8.7 4T, AT T RRIZIE US E,

MEEHIREL N7 VEZICEVE
B %5 (R3)e TONTMEE
US Lo e Be Ll <
B RFARTIO=— FL otk

R
%

’
o

HR & MR O ERDIRIES LML TR &,

bzt
=R
RIEENIE
#5748
BatR
FEREMAE
BB T L— R
1
2
3
1 2 INEiEERE (n)
£33
BBiE
REFHLEBER (cm)
HRR{E
Ly
extended intraductal component (EIC)
Hh)
&L
RFA ORIEHEMPNHRHE
TR BE (em)
hR{E
vy
MR /58 (om)
RRAE
Loy
T eerafs)
REELE%
FERTEARETR

RF HEEREIEL TV A%k L
TB<L.

T #E T IR V2 A DREE D A7 % T 52
FRENTVEAFBRM 2 ELT 5,
CDEE, FEENTVLEHIRE
WEIBTE LM d, FiEkOAH
fE, AR Z S LTHRELT
B o UIBRBIAIZ 7272 B I AR T Ak AR

— 153 —

AL IS B
A BABERT L DG & B

EfIE

43(88%)
1(2%)
2(4%)
2(4%)
1(2%)

22(45%)
16(33%)
11(22%)

39(80%)
10(20%)

1.7
01~38

23(47%)
26(53%)

3.0
0~66

2.2
0~66
18(37%)
7(14%)
11(23%)

2212C nicotinamide adenine dinucleo-
tide (NADH)-diphorase % Jf 0 #lisk
REFAREI RSN, WBEO HE
Jefs 35 X U NADH ¥:a12 THIEE S
ROYEN % INT,

RFA $i {7 hE% & JEMi 17185 » H&E
Hett 33 & U° NADH Hefaf® % 2 4 125R
L 720 RFA IifTI6#% T3 NADH e s

Surgery Frontier Vol.18 No.3 2011 (225) 23



3 FRIZEBFHIERRE & RFA ORUIR

RIBSEIEER (07 BEH SEEBER (%) Tzt (%)
=2cm 29 25(86%) 414%)
>2cm 20 6(30%) 14(70%)

* 2, JERENEEALEERE

£ 4 EICOFEE RFA DA

o : BEM SN (%) TEELBS (%)
EIC(+) 23 9(39%) 14(61%)
EIC(-) 26 22(85%) 4(15%)

F5 RFA RIBBYIKE M5 R&MHBROMmS
AR - SERBYR

HEE () Jl BEH EBE M) fRKE  Power W) D0 o BRHE

Jeffery & " (1999) 5 T2-3 LeVeen 20 ~ 60 30 80 L

1zzo 5 ?(2001) 26 T1-2 LeVeen 25 ~ 80 15 9 EEHEX 1

Burak 5 ¥ (2003) 10 T LeVeen - 13.8 90 EL

Singletary 5 ¥ (2003) 29 T1-2 RITA - - 86 BEHEX 1

Hayashi & ¥ (2003) 22 T RITA - 15 64 RBREEE X 1
BlEEZ X 4

Fornage 5 ©(2004) 20 T RITA - 15 95 BL

Noguchi 5 ”(2006) 10 T RITA - 15 100 EL

Khatri 5 ® (2007) 15 T1 Cool-Tip 7~36 21 93 BREER X 2
BIREX 1

Medina-Franco 5 ¥ (2008) 25 T1-2 Elektrotorm - 1 76 EEa#iEx 3
Bl X 1

Garbay 5 ' (2008) 10 IBTR, =3cm LeVeen 25~ 32 1 70

Imoto & ' (2009) 30 T LeVeen 5~ 42 18 85 BE#Ex 2
KEBEHEE X 7

present study 49 T1-2, =£3cm  Cool-Tip 5~118 8.7 63 BE#EX 2

KBFHEE X 3

BT, M3EARIE S 7zs NADH & H&E Heta % 411 L 7= il ) MRS 2 2 | 2 1R L7,
Yefn e AR o HEE Yt TOMMIE, 1S X Y BIMPHEA 0 Th QIR BRI & IR o Ao
DM DR IWHLETL, BURTE, WG, O BUREI0 % 5L 35 9 4 (extended  £IEFHE O RMEIE 17 eom (LYY
QME o BIEK, @MEELL22M  intraductal component : EIC) @&t 0.1 ~8cm) T EIC % B /ZHEHIA 23
BNl rzif 5, NADH ¥ - HEbWikE ko7 Bl (47 %) TdH o 720 LB T Cool-

24 (226) Surgery Frontier Vol.18 No.5 2011

— 154 —



tip ¥ A7 & (17G) TO RFA B0
WP AT 3.0 X 22cm Td o 72,

US I 3em LLT o4 49 Birh, 18
B (37 %) HAEERERTTHI (14 %)
(IR T D IEREINIRTEATERY K 7z,
US i35 1% 2 cm LA o4 38 5, 10
Bl (26 %) BASERBER TR (16 %)
WEE R T OB R DTER S s,

—7, B, EEHHE EALHE
BN ENERE 2 cm LT DER T,
29 e 25 Bl (86 %) SR BEX ATHE
BEN/ ER3)o EHICIHEICOFH
T O BN, EIC(-)26 #rh,
22 9 (85 %) W EBEIATR S i
(Rd), HETHOHBLY, HHEEW
JEH5 7% 2 cm VLT T EIC(-) #EflAt
RFADBRWHIR E 6% Z DI S
Nizo 72720, HIMTOMGLW TR 4
DY ARV TEBPE ) pHGEE &
%,

T4 -2y FRLV MNTHB
RELOGPREIL, FREEIEA 2 6,
RIFEMEAS 3 BTV S RIEIIC
B, WwBELTBY, ABBIMOER
HELBHTWR W, KRERICLD
RFA FHORZEMEHR I NI
LEZ B,

BHTORFAREEE S 1S

1999 4E A 5 4[] % T RFA #% )i 55
YRR OMEERS ST Lo ",
TARTHHER D 6 OFRE T, WIER
TN AR, EEBEAIED 64
~100 % ThH 5. EPEDPETHY
RIIR D KGR Z /T B o015
HIEF VAL BT ANS S

12)
WV,

WRBISHT 3 V1 DR BREEE

FUFWETA 7 OILE DICERE
BO—FMTHY, MEHEOEEEREICHL
T E AR EADH B 0%, HFCHEE R
B RWEIET A WAt 460 kHz, <4
7 aWAh 2450 MHz CTH b, +—7
MRYATFLEMHBLTHENT S
BAICR I VAR TFHELE) &
Y, 347 OEPERATREE &b,
FBIHLTEFA—T MR Y AT
LT TOWIER ISR 5 AR &
NTWwBHY, FIERIIH L TiEd
BPlomEIceEEoTwah,

5 H W

FA DR BRERFATRE:TH 5 RFA
72 &°? non surgical ablation #E¥:IZ1E
LW RRHRO b & ICFE S g,
HEFDIIEHIIBRIC S & o IR & %
H5H0LMFET D, RIFTIHEEE
ERFENTWVS RFA B —FDEE
EEZ, TOFMERE L. M,
§ =4y M LM R A, e
WCHINBIEICE S5 Z L ATRETH 5
ZC MRS NS, BRI
FIBC MRS W TIRARIBTE RS
PREORIED B L 25, Fl&FEE
TN ARFHOMRIE, e L bic
RO P~ RN e, BE:
I GE 2 BRI L T B8RS B,
IEF Y ADBTTGRBUIRTIE, T4
BAYT7H—AFTrEy b RIS
TAWAL = ) IV & AN R N S
KB E L TORERS DR E HiE
THhbEEZ B,

— 155 —

ARG g B
L BB E OGRS & R

3k

1) Jeffrey SS, Birdwell RL, Ikeda DM, et
al . Radiofrequency ablation of
breast cancer . first report of an
emerging technology. Arch Surg
134 © 1064-1068, 1999

2) Izzo F, Thomas R, Delrio P, et al :
Radiofrequency ablation in patients
with primary breast carcinoma :@ a
pilot study in 26 patients.
92 : 2036-2044, 2001

3) Burak WE Jr, Agnese DM, Povoski
SP, et al . Radiofrequency ablation
of invasive breast carcinoma followed
by delayed surgical excision. Cancer
98 . 1369-1376, 2003

4) Singletary ES : Feasibility of
radiofrequency ablation for primary
breast cancer. Breast Cancer 10 @ 4-
9, 2003

5) Hayashi AH, Silver SF, -van der
Westhuizen NG, et al : Treatment of
invasive breast carcinoma with ultra-
sound-guided radiofrequency
ablation. Am J Surg 185 @ 429-435,
2003

6) Fornage BD, Sneige N, Ross MI, et
al ! Small (< or = 2-cm) breast
cancer treated with US-guided radio-
frequency ablation : feasibility study.
Radiology 231 © 215-224, 2004

7) Noguchi M, Earashi M, Fujii H, et
al . Radiofrequency ablation of small
breast cancer followed by surgical re-
section. J Surg Oncol 93 © 120-128,
2006

8) Khatri VP, McGahan JP, Ramsamooj
R, et al ! A phase I trial ogf image-
guided radiofrequency ablation of
small invasive breast carcinoma :
use of saline-cooled tip electrode.
Ann Surg Oncol 14 | 1644-1652,
2007

9) Medina-Franco H, Soto-Germes S,

Cancer

Surgery Frontier Vol.I8 No.3 2011 (227) 25



10)

26 (228)

Ulloa-Gomez JL, et al . Radiofre-
quency ablation of invasive breast
carcinomas . a phase II trial. Ann
Surg Oncol 15 : 1689-1695, 2008

Garbay JR, Mathieu MC, Lamuraglia
M, et al . Radiofrequency thermal

ablation of breast cancer local recur-

rence . a phase II clinical trial. Ann

Surgery Frontier Vol.18 No.3 2011

11)

12)

Surg Oncol 15 © 3222-3226, 2008
Imoto S, Wada N, Sakemura N, et
al . Feasibility study on radio-
frequency ablation followed by partial
mastectomy fot stage I breast cancer
patients. Breast 18 . 130-134, 2009
van der Ploeg IM, van Esser S, van

den Bosch MA, et al . Radio-

— 156 —

13)

frequency ablation for breast can-
cer © areview of the literature. Eur ]
Surg Oncol 33 © 673-677, 2007

PirER oo, SkARLRIE, 7+ fil b gl
BIFIER T+ —7 > MR ¥ A
T AE Wz A 7 v E R
FLIE DR 20 & 28-35, 2005




Original Articles

Jpn J Clin Oncol 2009;39(8)478—483
doi:10.1093/jjco/hyp050

Feasibility Study of Docetaxel with Cyclophosphamide as Adjuvant
Chemotherapy for Japanese Breast Cancer Patients

Daisuke Takabatake', Naruto Taira?, Fumikata Hara', Tadahiko Sien?, Sachiko Kiyoto!, Seiki Takashima',
Kenjiro Aogi', Shozo Ohsumi', Hiroyoshi Doihara? and Shigemitu Takashima®

'Department of Breast Oncology, National Hospital Organization Shikoku Cancer Center, Ehime and “Department of
Cancer and Thoracic Surgery, Okayama University Graduate School of Medicine, Okayama, Japan

Received March 17, 2008; accepted April 25, 2008; published online June 1, 2009

Objective: The 7-year follow-up of the US oncology 9735 trial demonstrated the superiority
of TC [docetaxel (DTX)/cyclophosphamide (CPA)] to doxorubicin/CPA therapy. To introduce
TC therapy in Japan, the verification of the safety and tolerability is essential. We performed
a collaborative prospective safety study with Okayama University to introduce TC therapy.
Methods: The subjects were 53 patients aged from 33 to 67 years at intermediate risk based
on the St Gallen risk classification who underwent radical surgery for primary breast cancer
between August 2007 and December 2008. As post-operative adjuvant chemotherapy, four
cycles of TC (DTX 75 mg/m? + CPA 600 mg/m?) were administered at 3-week intervals.
Adverse events were evaluated based on National Cancer Institute—Common Terminology
Criteria for Adverse Events ver. 3.0. The safety and completion rate were evaluated as the
primary and secondary endpoints, respectively.

Results: Regarding hematological toxicity, Grade (G) 4 neutropenia occurred in 71.7% and
G3 in 26.4%. G3-4 leukopenia developed in 32.1% and 56.6%, respectively, G4 anemia in
1.9% and G1-2 anemia in 26.4%. Regarding non-hematological toxicity, systemic malaise,
skin eruption, edema, myalgia, arthralgia and nausea were noted in most patients. The com-
pletion rate was 94.3%, dose reduction was necessary in 7.5% and granulocyte colony-
stimulating factor (G-CSF) support was required in 17.0%. On comparison between patients
aged 65 years or older and younger than 65 years, the completion rate, dose reduction and
incidence of febrile neutropenia (FN) were higher in the elderly patients. G-CSF support was
more often needed in this subgroup.

Conclusions: TC therapy is tolerable for Japanese patients, but attention should be paid to
the development of FN and neutropenia. The completion rate was lower in the elderly
patients, showing that tolerability was not necessarily favorable.

Key words: breast cancer — docetaxel — cyclophosphamide — adjuvant therapy — safety

INTRODUCTION

The standard regimen most widely adopted for post-operative
adjuvant chemotherapy for breast cancer is combination che-
motherapy with drugs including anthracycline. Taxanes are
also key drugs of post-operative adjuvant chemotherapy for
breast cancer, and the efficacy of taxanes administered in
addition to anthracycline regimens has been demonstrated by
many randomized control trials (RCTs) (3). The US

For reprints and all correspondence: Naruto Taira, Department of Cancer and
Thoracic Surgery, Okayama University Graduate School of Medicine, 2-5-1
Shikata, Okayama 700-8558, Japan. E-mail: ntaira@md.okayama-u.ac.jp

oncology 9735 trial (USON9735) was the first RCT in which
anthracycline and taxane were directly compared as post-
operative adjuvant chemotherapies for breast cancer, and the
analytical results of a 7-year median follow-up have been
reported (1,2). AC [doxorubicin 60 mg/m? i.v. on day 1;
cyclophosphamide (CPA) 600 mg/m? i.v. on day 1; every 21
days x 4 cycles] and TC [docetaxel (DTX) 75 mg/m2 i.v. on
day 1; CPA 600 mg/m” i.v. on day 1; every 21 days x 4
cycles] were compared as post-operative adjuvant che-
motherapies for Stages I, II and III resectable invasive breast
cancer. The primary endpoints were disease-free survival
(DFS) and overall survival (OS). The lymph node metastasis
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