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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
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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 [$, 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, §].

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 c¢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

@ Springer

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.
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