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Materials and methods
Enrolment

Forty-one patients, with pathologically proven invasive or non-
invasive breast carcinoma less than 2 cm and clinically lymph node
negative, were enrolled in this pilot study, conducted between
March 2007 and February 2009. Core needle biopsy or vacuum-
assisted biopsy was performed to determine tumour grade, lym-
phovascular invasion, hormone receptor status and HER2/neu
status. The other inclusion criteria were as follows: tumour easily
imaged by ultrasound and lumpectomy planed as the initial treat-
ment. Exclusion criteria included more than 1 tumour in the same
breast and the presence of extensive suspicious microcalcifications
surrounding the tumour mass. Patients with pacemakers, sensi-
tivity to lidocaine or coagulopathy, or who were pregnant or
lactating were also excluded. Pre-treatment evaluation consisted of
a complete history and physical examination, pathological review
of the carcinoma and laboratory evaluation including a complete
blood count and coagulation profile. Furthermore, bilateral
mammography, enhanced breast MRl and positron emission
tomography-CT were performed within 2 months of RFA. This
study was approved by the institutional review board at Hiroshima
City Hospital. All enrolled patients were informed about this study
and signed a written consent for participation.

Breast ultrasound

Bilateral breast imaging was performed to include the known
tumour and surrounding breast tissue using a 7.5 mHz transducer
(EUB-5500; TOSHIBA, Japan). Three-dimensional tumour measur-
ements were performed and recorded.

Breast MRI scans

Breast MRI scans were performed before ablation and within
48 h before surgical resection. The 3-T system (Signa; G.E. Medical
Systems, Japan) was utilized. Patients were imaged in the prone
position with a dedicated double breast coil. Axial and sagittal T1-
and T2-weighted images were obtained by the following protocol:
(1) axial, T1-weighted spin-echo (500—700/16—17 [repetition time
in millisecondsfecho time in milliseconds]) sequence with
a 32—36 cm field of view, 3 mm section, 1 mm gap, and 512 x 256
matrix for both breasts; (2) axial, T2-weighted fast spin-echo with
fat saturation sequence of the affected breast, 12—18 cm field of
view, 3 mm section, 1 mm gap, and 128 or 192 matrix; and (3)
sagittal T1-weighted spin-echo with fat saturation sequence after
the intravenous gadodiamide administration (0.5 M, Omniscan;
Nycomed, Japan). A 20 ml gadodiamide bolus was administered,
regardless of body weight, followed by a 20 ml physiological saline
bolus. Imaging was initiated during saline injection.

Radiofrequency ablation

RFA was performed under either general anaesthesia or local
anaesthesia and sedation. In the local anaesthesia group, intra-
venous sedation with midazolam titrated doses were adminis-
tered in preparation for RFA. Under local anaesthesia and
sedation, sentinel lymph node biopsy was first performed, then,
under ultrasound guidance, 0.5% lidocaine was injected around
the tumour. For analgesia, a sufficient volume of lidocaine injec-
ted over the pectoralis major is important. A small skin incision
was made with a number 11 surgical blade. A 3 cm Cool-Tip RF
Needle Electrode (Valleylab, Boulder, CO, USA) was inserted at the
centre of the tumour under ultrasound guidance. For prevention

of skin burn, 5% glucose liquid with a higher electrical resistance
than saline was injected between the skin and tumour to increase
the space between. The needle electrode was attached to
a 500 kHz monopolar RF generator capable of producing 200 W.
Grounding was achieved by attaching 2 grounding pads to the
patient’s thighs before the procedure. Tissue impedance was
monitored continuously using circuitry incorporated in the
generator. Radiofrequency energy was applied only once not
exceeding 15 min. Power was set at 5 W and increased by 10 W
intervals every 1 min until a rapid increase in impedance occurred
(so-called roll-off). For prevention from skin burn, a sterile ice bag
was placed on the skin over the ablated area. The core temperature
of the ablated area was measured immediately after roll-off. Under
general anaesthesia, the abovementioned procedure was per-
formed but without using lidocaine and midazolam.

Surgery

Breast-conserving surgery (Bp 1.5 cm) was performed imme-
diately after RFA (immediate surgical resection) under general
anaesthesia or 1-2 months after RFA (delayed surgical resection)
under local anaesthesia.

Pathological evaluation

After the specimen removal, pathological evaluation with hae-
matoxylin-eosin (HE) staining was performed to evaluate the
therapeutic effect according to the response criteria of the Japanese
Breast Cancer Society® and to estimate the tumour size and
marginal status. Moreover, to accurately evaluate tumour cell
death, histochemical analysis of tumour viability with nicotinamide
adenine dinucleotide-diaphorase (NADH) staining was performed.”

Follow up

Decisions regarding adjuvant chemotherapy or hormonal
therapy were made based on the pre-treatment tumour size
measured by breast MRI. Axillary lymph node metastasis was
determined by sentinel lymph node biopsy results. Furthermore,
prognostic indications such as estrogen receptor status, proges-
terone receptor status, HER2/neu status, lymphovascular invasion
and grade were determined by pre-treatment core biopsy.
According to each patient’s risk category, adjuvant therapy was
administered in all patients. Whole breast irradiation was also
performed in every case.

Results
Patient characteristics

Of the 41 patients in this pilot study, 9 initially underwent
breast-conserving surgery immediately after RFA under general
anaesthesia (immediate surgical resection). RFA was subsequently
performed under local anaesthesia and sedation in the remaining
32, following which breast-conserving surgery was performed
under local anaesthesia 1—2 months after RFA (delayed surgical
resection). All but 1 patient completed 1 RFA session. Patient
characteristics are summarized in Table 1 (median tumour size as
assessed by enhanced MRI scan, 13 mm [range, 5—18 mm}; median
volume of 0.5% lidocaine administered, 42 ml [range, 32—55 ml];
median RFA application time, 9 min [range, 6—15 min]; median
tumour core temperature immediately after RFA, 85 °C [range,
64100 °C]). There were no treatment-related complications other
than that of a superficial burn in 1 case right above the ablated area.
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Table 1
Characteristic of patients and primary tumour characteristics (n = 41).
No. of cases

Age (years)

Range 38-92

Median 59
Tumour size on MRI

Median (mm) 13

< 10 mm 6

10 mm >= 35
Histology

IDC 36

DCIS 5
Tumour grade .

1 26

2 3

3 2
ER

+ 38

- 3
PgR

+ 35

- 6
HER2

+ 1

- 40
Anaesthesia

General 9

Local 32
Ablation time (minutes)

Range 6—15

Median 9
Core temperature (°C)

Range 65—-100

Median 85
Complication

Superficial skin burn 1

None 40

IDC, invasive ductal carcinoma.
DCIS, non-invasive ductal carcinoma.,

Breast MRI imaging

On post-RFA MRI scans, 25/26 studies (96.2%) in which the
patient had pre-RFA enhancement displayed no residual enhance-
ment of the breast lesion. In 1 case (3.8%), in which intolerable pain
prevented completion of 1 RFA session, post-MRI scans demon-
strated residual enhancement consistent with residual invasive and
intraductal tumour, which was confirmed histologically. Therefore,
a post-ablation MRI scan appears to predict therapeutic effect by
RFA for breast cancer. An ablation zone, characterized by altered
signal intensity and architectural distortion, with a minor degree of
peripheral enhancement was easily visible in all cases. This ablation
zone measured 3.0—6.1 cm at its greater diameter (median, 3.7 cm)
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and 1.8—5.5 cm at its lesser diameter (median, 2.5 cm). We termed
this peripheral enhancement the protein degenerative ring, within
which NADH staining demonstrated complete cell death. Repre-
sentative pre- and post-RFA MRI scans demonstrating successful
ablation and the protein degenerative ring are shown in Fig. 1.
Residual cancer, which was suspected on MRI in 1 case, was
confirmed pathologically (Fig. 2).

Pathological evaluation

HE staining of the ablated lesion removed immediately after RFA
could not demonstrate complete tumour cell death, because cancer
cell was diagnosed as viable cell only by HE staining. According to
the response criteria of the Japanese Breast Cancer Society'6 no
pathological complete response (Grade 3) was observed in speci-
mens removed immediately after RFA; however, it was observed in
4 (12.5%) specimens removed by delayed surgical resection. As
times elapses after ablation, tumour cell death in a tissue sample by
delayed surgical resection could be more easily diagnosed than in
resection immediately after RFA. However, even in delayed surgical
resection specimens, HE staining alone could not reveal all patho-
logical complete cell death (Table 2). Therefore, to evaluate more
accurate tumour cell death, NADH staining was performed in
specimens from 12 patients, in all (100%) of whom no viable cancer
cells (i.e., complete cell death) within the whole ablated area and
surgical margins were demonstrated. Of these 12 cases, only 2
showed complete pathological response by HE staining (Table 3).
Therefore, NADH staining is indispensable for evaluating tumour
cell death, even in delayed surgical resection specimens. The
macroscopic and histological findings are shown in Fig. 3. In 5 cases,
complete histological ablation could not be achieved, with only
non-invasive components remaining in 4 cases. Complete ablation
was indicated on imaging examination in these 4 cases, yet path-
ological evaluation revealed residual non-invasive ductal cancer
outside the degenerative protein ring. This may indicate the limi-
tations of imaging-based diagnosis (in particular with regard to the
extent of ductal spread, accurate diagnosis of which is not easy).
Invasive and non-invasive components were found in 1 case
(Fig. 2), where uncontrolled pain resulted in treatment failure.
Adequate analgesia is also essential for successful ablation. Overall,
a complete ablation rate of 87.8% (36/41) was observed, based on
the findings of HE and NADH staining.

Discussion

Various thermal ablation treatments have been attempted for
breast cancer, including cryosurgery,® laser ablation,® MR-guided

(2) 1.5 Months after RFA

Fig. 1. Enhanced MRI scans demonstrate successful RFA ablation. An irregular, enhancing lesion is observed in the pre-RFA image. After RFA, the tumour is no longer enhanced.

A zone of ablation within the protein degenerative ring is demonstrated.
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Fig. 2. The post-RFA MRI demonstrates residual enhancement consistent with a residual invasive and intraductal tumour, which was confirmed histologically.

high-intensity focused ultrasound'® and RFA. Although each of
these offers theoretical advantages, each also carries significant
disadvantages. Cryoablation, requiring expensive and often bulky
equipment, appears to be less effective because of incomplete
freezing and a subsequent high rate of residual disease. Laser
ablation is not effective for larger areas and requires another probe
to measure temperature. MR-guided focused ultrasound also
requires very expensive and extensive equipment; moreover it
takes a few hours for a single treatment,

RFA for breast cancer appears to be the most promising
modality. Many investigators have attempted feasibility studies on
RFA followed by resection, as shown in Table 4, whose results
support RFA use in localized breast cancer treatment.!!=%!

Our study was designed to gain further evidence on RFA
reliability.

This study investigated delayed surgical resection performed
1—2 months after RFA to better assess tumour cell death over the
entire ablated area; most RFA feasibility studies have investigated
resection performed immediately after RFA, although 1 study
reported on delayed surgical resection undertaken 1—3 weeks after

Table 2
Histological analysis of ablated area by RFA.

Resection immediately after RFA (9 cases) Delayed surgical resection (32cases)

Grade 1a: 4 cases (44.4%) Grade 1a: 1 case (3.1%)
Grade 1b: 1 case (11.1%) Grade 1b: 6 cases (18.8%)
Grade 2: 2 cases (22.2%) Grade 2: 21 cases (65.6%)
Grade 3: 0 case (0%) Grade 3: 4 cases (12.5%)
unknown: 2 cases (22.2%)

Evaluation by response criteria of Japanese Breast Cancer Society

Response criteria of Japanese Breast Cancer Society

Grade O No response
Almost no change in cancer cells alter treatment
Grade 1 Slight response
Grade 1a Mild response
Mild change in cancer cell regardless of the area,
or marked changes in cancer cell seen in less than
one third of cancer cells
Grade 1b Moderate response
Marked changes in one third or more but less two thirds
of tumor cells
Grade 2 Marked response
Marked changes in two thirds or more of tumor cells
Grade 3 Complete response

Necrosis or disappearance of all tumor cells. Replacement
of all cancer cells by granuloma-like and/or fibrous tissue,
In the case of complete dassapearance of cancer cells,
pre-treatment pathological evidence of the presence
of cancer is necessary

RFA." At the beginning of our study, we also performed immediate
resection after RFA, however, pathological HE evaluation failed to
demonstrate tumour cell death within the ablated zone. A delay in
resection facilitates more physiological assessment. Therefore, we
decided to excise the ablated area 1—2 months after RFA. To our
best knowledge, no report has estimated tumour cell death in
specimens resected 1—2 months after RFA. In specimens examined
1-2 months after RFA, complete tumour cell death could not be
demonstrated by HE staining alone, whereas this was demon-
strated by NADH staining in same specimens. NADH staining is easy
and reliable in this study field. Interestingly, the cell nuclei disap-
pearance was observed both from the centre and the ablated zone
periphery by HE staining, and a cell death area was clearly
demarcated from the surrounding viable tissue by a band of foam
cells, which we termed the protein degenerative ring. Following
resection of the ablated area 6 months after RFA, all cell nuclei in
that area will disappear; complete tumour cell death may be
demonstrated by HE staining alone if resection is performed over 6
months after RFA.

Another feature of this study is that RFA was performed under
local anaesthesia and sedation as day surgery, a protocol that was
extremely well tolerated, successful in eradicating tumours and
which may point the way forward. Adequate analgesia over the
pectoralis major is important in RFA, and no complications
occurred, apart from the 1 case where intolerable pain obviated
successful completion. On post-RFA MRI scanning, this patient had
residual enhancement consistent with invasive and intraductal
residual tumour, which was confirmed histologically. RFA perfor-
mance under local anaesthesia by day surgery is ideal for minimally
invasive treatment for breast cancer, which was one of our aims.

According to a predetermined standardized algorithm, radio-
frequency energy was often applied more than once in breast
cancer, but several investigators have implied that a single appli-
cation is sufficient."*>'® Qur results are concomitant with their
view for achieving complete tumour cell death within the whole
ablated area, and are thus significant. Excess ablation leads to side
effects such as skin burn, and multiple sessions require increased
analgesia levels, which run contrary to performing RFA as day

Table 3
Comparison of pathological evaluation by NADH and HE staining.

NADH staining

No viable cell: 12 cases (100%)
Viable cell: O case (0%)

HE staining

Grade 1a: O case (0%)
Grade 1b: 1 case (8.3%)
Grade 2: 9 cases (75%)
Grade 3: 2 cases (16.6%)
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Fig. 3. NADH staining showed pathological complete cell death in the entire ablated area including surgical margin. HE staining of ablated lesion removed immediately after RFA

could not demonstrate complete tumour cell death.

Table 4
Feasibility studies on radiofrequency ablation followed by surgical resection.

First Author (year) Ref. No.ofcases T Electrode Application Power (W) Time (min) Complete Complications
time ablation
Jeffrey (1999)* 5 T2-T3 LeVeen 2 times 2060 12-28 80% None
Izzo (2001)"3 26 T1-T2 LeVeen 2 times 25-80 7-25 96% Skin burn (1case)
Burak (2003)"" 10 T1 LeVeen Over 2 times  — 7-21 90% None
Singletary (2003)™ 29 T1-T2 RITA 1 time - 30-45 86% skin burn (1 case), Wound infection (4 cases)
Hayashi (2003)" 22 T1 RITA 1 time - - 64% skin burn (1 case)
Noguchi (2006)® 10 T1 RITA Over 2 times — — 100% None
Khatri (2007)"7 15 T1 Cool-Tip Over 2 times  14-53 7-36 93% Skin puckering (2 cases), Wound infection
(1 case)
Medina-Franco (2008)'® 25 T1-T2 Elektrotom 1 time 30-55 - 76% Skin burn (3 cases), Wound infection (1 case)
Imoto (2009)'° 30 T1 LeVeen 2 times 7-89 5-42 87% Skin burn (2 cases), Muscle burn (7 cases)
Wwiksell (2010)*® 31 T1 NeoDynamics AB 1 time - 6.5—11 84% Skin burn (1case), Muscle burn (1 case),
Pneumothorax (1 case)
Kinoshita (2011)%} 49 T1-T2 Cool-Tip 2 time 5-118 - 85% Skin burn (2 cases), Muscle burn (3 cases)
Present study 41 T1 Cool-Tip 1 time 50—110 6-15 88% Skin burn (1 case)
Total 293 T1-T3 Various 1-over 2 times — - 84% Skin burn (12 cases), Muscle burn (11 cases)

Pneumothorax (1 case), Miscellaneous (8 cases)

surgery. Theoretically, one application of RFA by a 3 cm electrode
can ablate 3 cm in the shorter diameter; our technique ablated
1.8—5.5 cm (median, 2.5 cm) in the shorter diameter. If the greater
diameter of the tumour is 1.5 cm and the surgical margin is 0.5 cm,
at minimum, the zone of ablation must therefore be 2.5 cm, and so
localized tumours less than 1.5 cm are indicated for RFA.

Our findings demonstrated that a single RFA session can eradi-
cate breast cancer less than 1.5 cm by greater diameter with no EIC
(extra-intraductal component); 2 or more sessions may be effective
in tumours over 1.5 cm. Paradoxically, patient selection remains
a very important factor in determining the suitability of RFA for
breast cancer. NADH staining demonstrated complete cell death
within the ablated area (the degenerative protein ring) by MRI
scanning. Thus, when performing RFA without resection, if the
tumour is located within this area, core needle biopsy is unneces-
sary to confirm cell viability. A post-ablation MRI scan can predict
the therapeutic effect by RFA for breast cancer.

RFA represents a minimally invasive treatment option for the
local therapy of early breast cancer instead of breast-conserving
surgery. Despite the use of various RFA procedures, the overall
total ablation rate in the literature is 84% (Table 4).' 2! RFA fol-
lowed by whole breast irradiation may be a promising protocol for
the local control of breast cancer. To confirm that RFA is an alter-
native to breast-conserving surgery, a randomized control clinical
trial is indispensable for comparing the 2 treatments.

Conclusion

We found that RFA for breast cancer could be safely applied in an
outpatient setting with good patient tolerance, and that only 1 RFA
session could achieve total tumour cell death within the whole
ablated area. RFA is a promising, minimally invasive alternative to
breast-conserving surgery for local treatment in women with small
(<1.5 cm) breast cancer.
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Sentinel node biopsy for breast cancer patients treated with primary chemotherapy
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»%. Tan 57 1%, NOFLIE & N+ LB RIILERE

HEITX o TNO & %o 7RI DWW TR RI L R R

DX VFRINY YREEROZLEICOWTHEL 2.

ZOREE, 108 49EFR OB » 5, FERT
04%, BREMEFRIZTY &SN,

L2L, N+ZEIMELERERTLT LS NO
FEIZ 2 A DI TR %\, Shen 5813, ZERITL3 MR
SCEBRRME LSS N+ B2 52, MRk
EEREIS T U ALY USEIAERE ) VEEE R

RATL TRy FANY VSEIARORLEEBRET L2
(R1). ZORER, 29%DEFTY ¥ HiEmB BN
{BLIzd DD, &Y FF) VSHEROBRER L
25% TH o7z

PLER G, T1-2NO FIE M ab2EEgo L v 7
IV UREERIC X B ) VERE OB TE
NG, N+HBHEMAEEBRECI TN E 2o
TEBITD ) v oSEIERIE OB B LI BRAFZE & L CTAT
FTENEENS. 2L, BEWMCEELRY VNE
BEIRO DN EFACHEFZNICIEER) Y VER
BEMEIEMTIE, X F 2N Y HOER NS
Tholzb LTHY Y HIFEEITINETH .

WRi{LFBEL X v F RV
Y UONEIERRICE S 5 B R A

T UF RN UREERIZ L A Y v ETEE OB
BIZDOWT 2 00% THEEKRBEBRZHENMT 5 (B 2).

K E @ American College Of Surgeons Oncology
Group (ACOSOG) Z1071 i TO-4N1-2 LB % 351
MAMLEEER OV F 2 VY Y REEROEESE %
WA AR TH 5. Primary endpoint 12 ERERT,
660 EF DV EEHZINSTETH 5.

D 2SE @ Sentinel Node Navigation Surgery (SNNS)
e Tl TI-3NO FIE 2 MR IS ¥ F 4 V1) 38
ERETV, £y F R0 YRHICAEFSELTO
MIC, $5WiE MAC 2ROEFZEHLT, kL
VI AN Y AHERSHELFRET L TRYE
b3 5T HREZ{T o> Tw5b. Primary end-
point XM EI{LFEEEBRORE Y v N EHOEREBE
WRETHY, BEESIEE MIC A 38 fl & MAC iE
%1 60 BT, EFIEREICIZ 1,000 BILL LD Y F R0
YNEERPLETH 5.

B Cid MAC B B A MMATLFRER O£ ¥
FANY IREERORBELH O, L2Y, BET
WENO B CHEE N2 MIC & AW ix MACERIZE
T AMEMLFRERDORERFOTRESHAL 0 & 7%
b, bbb, AETRHBRERMEVEEIC, BE
TRIFEL Y F 2NV VA OEBREIMENB AT,
R EE & REIRA & % LT 5 8 MARRBRILET
H5.

884 Feyl %66% %75 2011F7AH



| ACOS0G 21071 |

| TO-4N1-2MORLE ]

HEAEEE
MBI LR EE

TF IV 2 EERR
L 2 INERERE

2B e

| S\NNs@mE |

|

| T1-3NOMOZLE |

[V F R R

| &E3EUTOMICHMAC]

|

SRR & Bl
TR RE

DZA: 5=+
ABEFM

2 WMEIMEEEEERVFRIVINBERICEHTSELR

BRPREDER

BbhIZ

WRALSFEEE £ U F AN Y SEERICOWTH
WERE L. Y F A0 Y 8EIC ITC 2 MIC %
BolzHEOL 2 -5, MAC 2 &L Ly F 4
NV Y NEOEBRBHERZZNEN0~27% L 0~
57% T o 7290 v F 32V VSEICBUN R ER
B2 RO IESTH BT ORI L 5T v VE
BEBIEEICHEERT L EIBBR LA, BEONR
HERTFIIE LA FEBREIC L o TH0% 22 5 & 9
2B\ pCRAYE 5 B BRI 3 1L, (bR
DY v FF VY VSEERIC X B IRE TN O IE
Hypx§Ths.
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Clinical relevance of micrometastases in lymph nodes, blood, and bone marrow
for breast cancer patients

EMRZEZHAR

AR

[R12 k]

4 SPEALBIIRHOBEL S VNGICHM G, BHEICEELESHE (DTC), REMICTEIREEME (CTC)
PEEENDH, ZOEMENHEICOVWTTREESIS.

& BUFRIVY NBERICK >TEES N M/IVET (isolated tumor cells (ITC) & micrometastases (MIC))
BFEFREFTHDH, #EHESICE>THNMNGBENDFROUNEIFESNE.

¢ DTCHBNWICTC IFBFREFTHD. GREAEICHITZIEMEZICHD CTCOEHIEIHRFAEFE
LTHEShiz. €18, BRARICEBLE IS VAL =23 FIVRENZETHY, DTC & CTC DEEEZ

DFERICBOS ABERIIRFSTHEI WAL,

E&5t 66(10) : 1312~1316, 2011

XCHIC

FLE DI RHEEOEATIZ 19 E BT, I
Y &) Y OREIEE R ) LB S TBRSRERE L
LCHESZLY, AoWmEEE LTIREBBRLAAON
722 LaL, ARHEEEIKL T FROHERN
LN o7z, 60 FARUTIIIEENRAMT A8, 80 EAIT I
ABREMAEA SN, BETEYF 20 Vo EiE
BARHAEICEE SN TS, BRI EHOR
BE 5 oM & MATEICER T 5720, BT v
M-V E BRI E L22ARHEEZ2 ) TRTFBROYES
Hizv, —7F, &8 LB LTEBRELER
LEREL LTHEMMETA2DTHA I H»? BB
JABUMNER L LT, ) U EICEZE S NS 0.2 mm
DT (B2 VI3 % 200 fELLT) @ isolated tumor
cells ITC) & ITC X W K& < 2mm LT microme-
tastases (MIC), B REICFE S W 5 B EE ML
(disseminated tumor cells : DTC), % L CRMILIZHE
EENBIEREEMIL (circulating tumor cells : CTC)
20T, ZOEYENFELET 2 CEE L BE

1312 ot %£66% F10%5 20114104

WCDOWTEST S,

NE 2

AR 2 FET BBk 2 F < — 7 — 2w
ENBH, MEEEEZBRTATA V755~ (CK)
PROLBBEVPBLIAINATRS, EE5E, FHT
SN2 29D Y EEHAWT, 520D5F<—
#— (CEA, CK19, MUCI, E-cadherin, erbB-2) %
RTPCREEIC L - CHIEL, HE $f & Eififbs
(IHC) $BIC X 2WBEZW L L (B1)Y. 20
R BRELFREELHET 5 ROC (receiver oper-
ating characteristics) HEICBWT, CK19 2S& b2
BEHEOBWGFI—A—Thol (B2). ZOFEK
LAY Y HERSHOBKE, BEE, I2XR%
NEN89%, 100%, 97% T, 134D Y REHIZ L 5
FEETIZZNZEN88%, 100%, 9% & BIF2ERT
Holz.

One-step nuclear acid amplification (OSNA) ¥ (¥
A Ay 7 AfE) ECKI9 2 $BIEL L2V Y HiHER

0386-9857/11/ ¥.500/ 8 /JCOPY
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e H & B staining (2mm)

RT-PCR (40mm)

H&E staining 2 (4mm)

IHC (2mm)

1 BFI—H—ICKDEBBH

0.9
0.8
0.7
0.6 |f

Bosl,

i0d

0O4n

—e— CEA

—8— CK19
MUC1
E-cadherin

—¥%— erbB-2

cut-off fB* Az &

CEA 1,140  0.692
CK19 5820 0.944
erbB-2 15,500 0.704
Muc1 16,500 0.861

E-cadherin 6,760 0.624

O i L it L L 1 L

1-BEE

0 0.1 02 03 04 05 06 07 08 09 1

(*copies/100ng total RNA)

2 {/FHFY—H—O ROC HiF

WikaCTH 5. EASOSHRIERRROMBR, Bk

B BEE EZREENZNT8~9%%, 94~99%,

03~98% T V™0 fif B ES I BT 5 FH
EOZWBELHELE 2 5NE. DTCIIH CK

& B THCRBIC L > TREBIH SN A", CTCIZ L
RHifaEE 5T (epithelial cell adhesion molecule :

EpCAM) Z#E& LM F2HwTImiEh o L
HMifEE BEREICREL, $LCKIfhz EEMEO B

Fedb £66% H£10% 20114108 1313




Harro—ne LT, FLCD TEERBALLY ¥
REELEDVELTEEI Y Pu—vE LTEHT
28 20k RBNEBOBRMEICIIEERD 5.

%9, OSNA BiZ MIC M E0ERBREDHEMEZH

BELTWA-DRERICITCR: REL TR DH 54,

F 72, CK19 OFEI A2 WHIE Tl mRNA L_JLT
LEALVANNVCHEMBERIETE 2w, NEERRTF
X 558 5 \WhWw b normallike B IX CK D5

PEL CTC 2B TE 2 WITEESH 5. DLERD,

BUNEBBINC S5 T, ZOHUBEOFH L EE
REOWELZE T ALEND 5.

ITC & MIC

U VOEIORUNERRE & FRICE T A IR S BT TIX
ZOFHUMEE > T hoizds, Ly F RN »8
HAEMRIZEES 5 BRIREER 5 ITC & MIC 2B 240
B 2%48 & 1L 72, National Surgical Adjuvant Breast

and Bowel Project Protocol (NSABP) B32 #EXTIZ,

5611 201 VY sHimBREAEEZ L HRIL, £
F AN UOSEAEBEE L ) VOSSR O S AR
BB EN/, ZORE, 3989 & 2mm BETOL
YF RN VSEO HE FBIC L DHRBEBENICB T
EBRETH/2. Z09L, ) YSEHEER 1978
Bl v F 2V oSEIAEREE 2011 Bl L @ 8 4E&4k
FRIZZFNFNIL% & 03%B TER ol (p=
05410, & 512, LY F AN VHEBRIEES O
Ih, VUREOT Oy 7HBEINTE 72 3,268 FlicD
WC, BEOSmm & 1 mm OMBETERIY 2Mmi T
HE $ef & ITHCHBIZ Lo THR EN - BRER
(occult metastasis) DERIBERIHEF ENY. £
DFER, ITCH 4304 (11.1%) 12, MIC 28 172
(44%)12, 2mm & ) K & \> macrometastases (MAC)
51461 (04%) g bz ITC, MIC, MAC %
RBD7z 61661 (19%) LEREBIBDO LN o7
3263 B0 5 FLEFERIIZFNFN 6% & B58% T
Hotz (p=003). BREBIAERLZFBARETFZ
2, BT P 12%DEDEFRTH o7z, £/, HEE
FEAT DREFRD B A VE VBRZEIIE T 2 N E
BIZL o TFBROEENRS N2, X, £5 V5
TOXYF RN YEIIZITC & MIC % 8B 72 5EH)

TOWMPEEIL L L FROUBLRALERTH - 7212,

Pkt EyF230) V28T 2 mm BETHE &
BIZ X AIFESW T I D, HAHWIXOSNAELRED

GFI—A—BE T, RICBRERD 5 VI
MEBORELPS 7218 L, BEOERE ST
TeEMFREIL L o TFRNOEEZRDNRIZIED S h
B EHRBEEINT.

DTC & CTC

DTC I3 M WREIED, CTC ZEBUAEOTE
RAERTFTHS (F1). DTCIEowT, TH»51
BOEIE 4703 B10 5 B 30% DIESI T DTC 2B &
N7z, n0FLETD 5% DEFTRIES N, ABIFE
Hrowbwd [£8F] THrI L2 EMNITLER
THo7". DIC BIEEMZE, EALE, n+, F72
ARV E VERZEOREEE D OAME L EOMB R
Holz. —F, BVFFRNV) VAL BHIIBI A
INEBOFBENDOELE L WE L7z American College
of Surgeons Oncology Group (ACOSOG) Z0010 D&
BT, 34136F b5 3% DR TDTC BT
Ho7¥ DTCHBHEE €Y F 2N ¥ EOM/NE
BEOHMBEMRI R o7 ZORBRTODTCIZHEE
BERTICBVTOSOFPHREARRFTHo72. 200D
DTC BFZEI2 BT, #i CK JukDfEHE, BHEM LT
L& FH, HWHODHED D - 72128 &, DTC D
FEE & FOFMICOWTEETEILELND S,

CTC iz2WT, CellSearch ¥ AF & (R Fv 7 A
) ZHEWLHREE FOLICKRE L (F1). ARiMbE
BRI L2 Tid, 1 ~THOIRE 2136105
B, WBEAIC 22% OB THERIC 11% DR < 118
PAE/75 ml (&1) @ CTCHARED LN, F7-,
HERZ B FLIBEF © 4 & HER2 BB EF O
20% T HER2 &tk CTC At &7z, LavL, #ed
LRI L 288 & CTC DBRERMBOLEH I ICOW
TEERR -7 BAY AT ATREBEILREICS
WT SR E/75 ml (&) % CTC BHEE L7254,
FEBMILEER D 40% L LA CTCBHTH Y, BE
B CTC BHRAEBRRFHAERETF THo72(RH3)Y.
72, MEEESO CTC EINER D FHERAETH -
721818 —%5, HiHER2#ER 4T - 7% T3 CTC ik
4T /75 ml (£1l) 2 BHEH»EL, CTCIE
HER2 GHHABOFHTFEARF L LTOER I Z -
72. PlED 5, @CTC 1d DTC @ surrogate marker &
EzoNbP, CTCZWTDTCBHESZ 3T NTk
He2Z L idW#ETHA L, @HER2 BEOEBHE
LETIECTCOE= Y ) ¥ I TR EBEDRICE
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g1

Braun?
(2005)

Giuliano™®
(2011)

[ACOSOG Z0010]

Riethdorf¥
(2010)
[GeparQuattro]

Cristofanilli®
(2004)

Pierga®
(2011)

Giuliano®
(2011)

1~

1~MAH 3413 DTC
1 ~IN4B 213  CTC
NAC
BRI 177 CTC
B 267 CTC
ERiB 235 CTC

ABREICHITS DTC & CTC DM L EEFFEZNISH

4703 DIC SEEELERE 30%0EMATER (T— L)

i CKHifE

REMBILERES

i CK #7114

CeliSearch

i CK ik

i EpCAM ik
1 HER2 #ifk

CellSearch
i CK i1 4K
#1 EpCAM Hifh

CellSearch
i CKIRA
i1 EpCAM 11

CeliSearch
i CK 1R
1 EpCAM $ifE

&5k, n+, HREEM S IEMEES
FSIERERIE DFS, OS THREARR
12/ AR BEETTFRIIUELTT
3% MDIERF TR

[SIERERIE OS THREAR (BES)

22% DFEFIT NAC BilZ, 11%DEFIT NAC %12 1 8
Dl B

HER2 FBMFLEDHET, HER2 &%

2B (D 20% T HER2 &% CTC &

NAC E%1& CTC ZEpiEEsd

B61%MDIERIT 2 @ L, 49%DFERIT 5 B LB
SEERE s B LEITTERR

B65%MIEFT 1 BME, 44%DEFIT 5 B LB
CTC & CEA, CA15-3, LDH ASIEAEEE

1bEEER 5 AU LI FERR

{EZEREBOD CTC BME FERR

i HER2 B3R %I 5 BRE

40%DIERIT 5 B LB

HER2 2R E THRER 5 @M LT
FHAR

HER2 B AECIIABEBERET

CK @ cytokeratin, DFS : disease-free survival, EpCAM : epithelial cell adhesion molecule, NAC : neoadjuvant chemotherapy,
OS : overall survival

Progression-free survival

Overall survival

100 5 100 -
90 - 90 CTC 0~4 {Eg#

80 - 80 4

70+ 70+ >18.0 1'B
60 60 -

Yo [ A FR— 7.01mB B0 - 1 "(-)7*75:}5} [p<0.001]
4318:27 nA CTC O~4 B8 ggj '

20 [<0.001] 204 CTC 5 A 5
101 CTC 5 M k8 101

0 LS D S Sy s I T T T

O1I’I'(‘I‘I'I*4‘\‘l'l‘i"l
0 5101520253035404550556065707580
(B)
[Log-rank #&5E]

0 510152025303540455055606570758
(B)

3 EBMUAEBOFRIATAIOCTCH (THLs JUWME)

ATharZ L, OHER2BMEDEBEIAE T
HER2 2 X o T CTC DB+ 525, MiE
HER2 DE=5 ) Y Z L AMRICCTCDE=F Y V7
DEHRIT/NEZ NI EITRIBE 71617,

(UN YRR YR

BAERIIIAEORMOBRE» OFET 2720, 4t
FRERII 2 CREYEE IR ML, Mo —i%&

Byt H66% 5105 2011410 A 1315



