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Primary Leiomyosarcoma of the Breast

Tomoya Nagao, MD,* Takashi Hojo, MD,* Sadako Tanaka-Akashi, MD,*
Hitoshi Tsuda, MD," and Takayuki Kinoshita, MD*

*Department of Breast Oncology, National Cancer Center Hospital, Tokyo, Japan; and "Department
of Pathology, National Cancer Center Hospital, Tokyo, Japan

61-year-old woman was referred to our hospital
with a history of a right breast lump for about
2 months’ duration.

On physical examination, an elastic firm, mobile
lump measuring 3 cm in diameter was palpable in the
upper outer quadrant of the right breast. The lump
was not adhering to muscle or skin. No lymphadenop-
athy was apparent.

Mammography showed a dense, well-circumscribed
mass. There was no micocalcification (Fig. 1). Ultraso-
nography showed a well-circumscribed, hypoechoic
mass with a heterogeneous internal echo with clear
margins. Acoustic shadowing from the mass was also
noted (Fig. 2). Doppler flow imaging showed abun-
dant blood flow signal on the margin of the mass.
Magnetic resonance imaging (MRI) showed a phyll-
odes-shaped hypointense mass on T1 imaging and het-
erogeneous intensity on T2 imaging. A margin of the
mass was well contrasted on early phase, but the inner
part of the mass was poorly contrasted (Fig. 3). The
mammography, ultrasonography, and MRI images
were compatible with a fibroadenoma or a phyllodes
tumor. Abnormalities were not observed in a blood
examination including the tumor marker. There was
no family history of breast cancer.

Core needle biopsy was performed that revealed
overgrowth of stromal cells with cigar-shaped nuclei
and intermediate mitotic activity — up to 9 mitotic
figures per 10 high power fields (HPFs). There were
no epithelial cells. The patient underwent wide
local excision; axillary lymphadenectomy was not
performed.

Address correspondence and reprint requests to: Takashi Hojo, MD,
Department of Breast Oncology, National Cancer Center Hospital, 5-1-1,
Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan, or e-mail: tahojo@ncc.go.jp

DOI: 10.1111/.1524-4741.2011.01189.x

© 2011 Wiley Periodicals, Inc., 1075-122X/11
The Breast Journal, Volume 18 Number 1, 2012 81-82

Macroscopically, the tumor (2.2 cm x 1.5 cm in
size) had a firm grayish white surface with sharply
demarcated margins surrounded by breast paren-
chyma. Histologically, the tumor was composed of
spindle-shaped cells with cigar-shaped nuclei, and

Figure 1. Mammography showing a well-circumscribed mass with
no microcalcification.

Figure 2. Ultrasonography showing a well-circumscribed, hypoechoic
mass with a heterogeneous internal echo.
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Figure 3. MR! showing a phyllodes-shaped heterogeneous
intensity on T2 imaging. A margin of the mass was well contrasted
on early phase, but the inner part of the mass was poorly contrasted.

HE X400

Figure 4. Histopathology of leiomyosarcoma showing bundles of
spindle-shaped cells with cigar-shaped nuclei. Leiomyosarcoma
showing marked pleomorphism and mitotic activity (Hematoxylin &
Eosin, x400).

Figure 5. Section of tumor showing immunopositivity for desmin.
Similar positivity was also found for muscle-specific actin (x200).

areas showing marked pleomorphism and significant
mitotic activity — over 10 mitotic figures per HPFs
(Fig. 4). There were no lobules and ducts. There was
NOo Necrosis.

Immunohistochemistry showed positive staining
with antibodies to desmin, smooth muscle actin
(Fig. 5). The tumor did not stain for myogenin,
S-100, cytokeratins, p63, CD34, c-kit. About 40% of
the tumor showed positive staining with Ki67. In
view of the cellular pleomorphism and the level of
mitotic activity, this tumor was considered a leiomyo-
sarcoma.

At review, 18 months after surgery, there has been
no evidence of local recurrence or metastasis.

Leiomyosarcoma does not metastasize frequently,
but some cases reported that local recurrence or
distant metastases were found over 10 years after ini-
tial surgery. Long-term monitoring of all patients is
essential,
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A Case of Multidisciplinary Treatment for a Massive Locoregional Recurrence of Breast Cancer

Figure 2.

Figure 1.

Figure 3.

A 36-year-old woman presented to our hospital with a huge tumor, measuring 11 cm in diameter, in her left breast. She had a
past history of preoperative systemic chemotherapy and breast-conserving surgery for her left breast cancer 6 months before in
another hospital. The tumor fixed stiffly on the chest wall, and invasion to the pectoral muscle was suspected. Because com-
puted tomography showed a small metastatic nodule in the left lung, she initially received systemic chemotherapy. After six
cycles of anthracycline treatment, the lung nodule disappeared, while the locoregional tumor remained unchanged (Fig. 1A
and B, red arrows). Surgery to reduce the tumor burden and improve her quality of life was proposed, and the patient under-
went tumorectomy with autologous latissimus dorsi musculocutaneous flap reconstruction.

Macroscopic examination of the resected specimen revealed a large, expanding solid mass (Fig. 2, green arrows) with cystic
change indicating tumor necrosis (Fig. 2, blue arrow). Pathologically, the tumor consisted of high-grade invasive ductal carcin-
oma with massive lymphatic invasion. Because these findings were consistent with those of the primary tumor resected in the
previous hospital, the diagnosis of recurrent breast cancer was confirmed. Pathological examination also showed that the tumor
was very close to, but not invading, the major pectoral muscle (Fig. 3, black arrows), and most of the tumor cells were viable
(chemotherapeutic effect; Grade 0).

Two months after the second surgery, locoregional recurrence as well as lung metastasis were detected, and the patient
underwent oral fluoropyrimidine S-1 monotherapy.

Sota Asaga and Takayuki Kinoshita
Breast Surgery Division

National Cancer Center Hospital
Tokyo, Japan
doi:10.1093/jjco/hys133

1 The Author 2012. Published by Oxford University Press. All rights reserved.
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Clinical Trial Note

A Randomized Controlled Trial Comparing Primary Tumour
Resection Plus Systemic Therapy With Systemic Therapy Alone
in Metastatic Breast Cancer (PRIM-BC): Japan Clinical Oncology
Group Study JCOG1017

Tadahiko Shien'", Kenichi Nakamura?, Taro Shibata?, Takayuki Kinoshita®, Kenjiro Aogi*, Tomomi Fujisawa5,
Norikazu Masuda®, Kenichi Inoue’, Haruhiko Fukuda? and Hiroji lwata®
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Received March 13, 2012; accepted July 2, 2012

This trial is being conducted to confirm the superiority, in terms of overall survival, of primary
tumour resection plus systemic therapy to systemic therapy alone in patients with Stage IV
breast cancer who are not refractory to primary systemic therapy. The inclusion criteria for the
study are as follows: untreated patients with histologically confirmed invasive breast cancer
with one or more measurable metastatic lesions diagnosed by radiological examination. All
patients receive primary systemic therapy according to the estrogen receptor and human epi-
dermal growth factor receptor type-2 status of the primary breast cancer after the first registra-
tion. After 3 months, the patients without disease progression are randomized to the primary
tumour resection plus systemic therapy arm or the systemic therapy alone arm. The primary
endpoint is the overall survival, and the secondary endpoints are proportion of patients
without tumour progression at the metastatic sites, yearly local recurrence-free survival, pro-
portion of local ulcer/local bleeding, yearly primary tumour resection-free survival, adverse
events of chemotherapy, operative morbidity and serious adverse events. The patient recruit-
ment was commenced in May 2011. Enrolment of 410 patients for randomization is planned
over a 5 year recruitment period. We hereby report the details of the study.

Key words: breast medicine — metastasis — breast-basic — surgery

INTRODUCTION

palliative care with chemotherapy, hormonal therapy and/or

The incidence of metastatic breast cancer (Stage 1V), defined  radiation therapy (1,2). According to the Hortobagyi algo-

as a primary breast tumour with distant metastasis, is in-
creasing, accounting for ~3% of all newly diagnosed
patients with breast cancer in Japan, not significantly differ-
ent from the 6% reported from the USA according to the
Surveillance, Epidemiology and End Results data. The treat-
ment of Stage IV breast cancer has traditionally been

rithm (3), hormonal therapy is chosen as the first therapy for
hormone receptor-positive Stage [V breast cancer without
life-threatening metastases. If the tumour is hormone
receptor-negative or resistant to hormone therapy, chemo-
therapy is used, although it might severely impair the quality
of the patient’s life. Current anti-tumour drugs, such as

{7 The Author 2012. Published by Oxford University Press. All rights reserved.
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anthracyclines and taxanes, are quite effective, as are
molecular-target drugs, such as trastuzumab. Resection of
the primary tumour is not considered a curative treatment; it
is used solely as local therapy to prevent uncontrolled chest
wall disease. Therefore, the local surgery is performed rela-
tively late in the treatment course, and only if the primary
tumour and metastases have been reduced and controlled
with the systemic therapy.

The possibility of surgical procedures improving the sur-
vival of these patients has been reported by several retro-
spective studies (4—8); however, these studies essentially
suffer from biases such as arbitrary patient selection, diverse
timing of surgery or various regimens of systemic therapy.
Therefore, this subject still remains a hotly debated topic at
major breast conferences. Improvements in primary systemic
therapies have increased the numbers of Stage IV patients
with resectable small primary tumours and metastatic lesions
controllable by treatment. With all of these new develop-
ments, we need definitive guidelines for the treatment of
these patients. It will be necessary to perform prospective
studies for evaluation of the efficacy of primary tumour
resection for Stage IV breast cancer. This trial is being con-
ducted to investigate the efficacy of primary tumour resec-
tion plus systemic therapy and that of systemic therapy alone
for patients with Stage I'V breast cancer. Breast cancers with
resistance to primary systemic therapy (PST) increase during
the primary resection and need to take next regimen immedi-
ately. So we randomize only Stage IV breast cancer which is
still sensitive to systemic therapy in this study.

STUDY PROTOCOL
PURPOSE

This study is being conducted to confirm the superiority, in
terms of overall survival, of primary tumour resection plus
systemic therapy to systemic therapy alone in untreated
breast cancer patients with metastatic lesions (Stage 1V) who
are not refractory to conventional PST according to the estro-
gen receptor (ER) and human epidermal growth factor recep-
tor type-2 (HER2) status of the primary lesions (Fig. 1).

STUDY SETTING

This study is a multi-institutional prospective randomized
controlled trial being conducted with the participation of 30
hospitals belonging to the JCOG Breast Cancer Study
Group.

ENDPOINTS

The primary endpoint is overall survival (OS), which is
defined as the number of days from randomization (second
registration) to death from any cause, and it is censored at the
last follow-up date when the patient is alive. The secondary
endpoints are the proportion of patients without tumour

Jpn J Clin Oncol 2012;42(10) 971

Biage 1V Breast Caney
with measurable metastatic tesion
Age : 2080 yoars old, No bilateral lesions. |
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Primary systemic therapy
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postmenapausal letrozole
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Figure 1. Study Schema. A randomized controlled trial comparing primary
tumour resection plus systemic therapy with systemic therapy alone in meta-
static breast cancer (PRIM-BC): Japan Clinical Oncology Group Study
JCOG1017. ER, estrogen receptor; HER2, human epidermal growth factor
receptor type-2; PTX, paclitaxel; PD, progressive disease.

progression at the metastatic sites, yearly local recurrence-free
survival, proportion of local ulcer/local bleeding, yearly
primary tumour resection-free survival, adverse events of
chemotherapy, operative morbidity and serious adverse events.

EvLiciBiLiTy CRITERIA
INCLUSION CRITERIA
First registration

(1) Histologically confirmed invasive breast cancer in
biopsy specimens obtained from the tumour.

(2) The presence/absence of overexpression of ER and
HER?2 in the tumour examined.

(3) Neither bilateral breast cancer nor invasion to the
contralateral breast. ,

(4) At least one measurable metastatic lesion other than the
breast tumour and axillary lymph nodes detected by
computed tomography or magnetic resonance imaging
before primary registration.

(5) No brain metastasis.

(6) Women aged 20—80 years old.
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972 Primary tumour resection in metastatic breast cancer

(7) Eastern Cooperative Oncology Group (ECOG) perform-
ance status (PS) 0 or 1. PS 2 caused by the symptoms
of bone metastasis is also eligible.

(8) No surgery, chemotherapy or radiotherapy for any other
malignancies within the previous 5 years.

(9) No history of invasive breast cancer. Non-invasive
breast cancer resected completely by partial mastec-
tomy is also eligible.

(10) Neither prior chemotherapy for breast cancer nor prior
radiotherapy for the ipsilateral breast (radiotherapy for
bone metastasis within 30 Gy and up to 10 times
before the registration is allowed).

(11) Adequate organ functions.

(12) Awvailability of written informed consent.

Second registration (after primary therapy)

(1) Primary therapy was administered after the first
registration and the protocol treatment has not been
discontinued.

(2) Objective response to primary chemotherapy was not
progressive disease or not evaluable (NE).

(3) Within 28 days from the date of response evaluation.

(4) Adequate organ functions.

(5) Complete resection expected to be possible by total or
partial mastectomy without resection of adjacent organs
and/or wide skin transplantation. :

(6) No active bleeding from the breast tumour necessitating
blood transfusion within 28 days prior to the second
registration.

EXCLUSION CRITERIA (NO EXCLUSION CRITERIA AT THE SECOND
REGISTRATION)

First registration

(1) Simultaneous or metachronous (within 5 years) double
cancers.

(2) Infectious disease requiring treatment.

(3) Body temperature of 38°C or higher.

(4) Pregnant or breast-feeding women.

(5) Psychiatric diseases.

(6) Systemic and continuous steroid treatment.

(7) Comorbid unstable angina pectoris or history of myocar-
dial infarction within the previous 6 months.

(8) Uncontrolled hypertension.

(9) Uncontrolled diabetes mellitus or the disease being
treated by continuous insulin administration.

PrIMARY SYSTEMIC THERAPY

All enrolled patients for the first registration receive the PST.
PST is decided according to the ER and HER2 status and
the disease situation and continued for three cycles.

(1) ER-positive patients with no life-threatening diseases
receive the following hormonal therapy.
(a) Pre-menopausal patients: oral tamoxifen 20 mg/body
daily plus goserelin 3.6 mg/body every 4 weeks.

(b) Post-menopausal patients; oral letrozole 2.5 mg/body
daily for 4 weeks.
(i1) ER-negative and/or life-threatening diseases receive
the following chemotherapy.

(a) HER2-positive: paclitaxel (PTX) 80 mg/m* (Days 1,
8, 15) plus weekly trastuzumab 2 mg/kg (Days 1, 8§,
15, 22) every 4 weeks.

(b) HER2-negative: PTX 80 mg/m” (Days 1, 8, 15)
every 4 weeks.

RANDOMIZATION

After three cycles of PST, the JCOG Data Center confirms the
patient eligibility, and randomizes the patients either to the
primary tumour resection plus systemic therapy arm or to the
systemic therapy alone arm. The randomization is conducted
by the minimization method with balancing the arms accord-
ing to ER status (positive/negative), HER2 status (positive/
negative), metastatic site(s) ( presence/absence of visceral me-
tastasis) and institution.

TREATMENTS
PRIMARY TUMOUR RESECTION PLUS SYSTEMIC THERAPY ARM

The patients undergo the complete resection of the primary
lesions after the second registration. Prophylactic axillary
lymph node dissection and/or resection of adjacent organs
are not allowed. As long as the tumour is resected complete-
ly, it does not matter whether the surgical procedure is
partial mastectomy or total mastectomy. After the operation,
the patients restart to receive the same systemic therapy as
before for as long as possible as additional therapy.

SYSTEMIC THERAPY ALONE ARM

After the second registration, the patients continue to receive
the same systemic therapy as additional therapy for as long
as possible.

All randomized patients are followed for 6 years. Physical,
blood and radiological examinations of distant metastases
are conducted every 6 months.

STATISTICAL ANALYSIS
PRIMARY ANALYSIS AND STATISTICAL HYPOTHESIS

If the overall survival of the patients treated by primary
tumour resection plus systemic therapy is significantly
longer than that of the patients administered systemic
therapy alone, the primary tumour resection will be judged
to be the new standard treatment. The estimated median
overall survival of patients with Stage IV breast cancer is
commonly 24 months (9,10). The duration between the first
and the second registration is 4 months. In this study, we
shall assume that the median OS in the systemic therapy
alone arm after the second registration will be 20 months,
and it will be considered a clinically relevant prolongation if



the median OS of primary tumour resection plus systemic
therapy is longer by 6.0 months (hazard ratio: 0.77).

SAMPLE SIZE AND FOLLOW-UP PERIOD

The primary endpoint will require 359 events in total to be
assessed, in order to obtain a statistical power of 80% with a
one-sided significance level of 0.05. Thus, the planned
sample size is 410 patients for the second registration and
500 patients for the first registration (assuming that 20% of
the patients may not proceed to the second registration.) for
comparing the two survival curves, assuming an accrual time
of 5 years and a follow-up time of 4 years according to the
calculation by the method of Schoenfeld and Richeter (11).

INTERIM ANALYSIS AND MONITORING

An interim analysis is planned to be performed twice, taking
into account multiplicity using the Lan and DeMets alpha
spending function. The Data and Safety Monitoring
Committee (DSMC) of the JCOG independently reviews the
interim analysis report, and an early termination of the
trial may be considered at that stage. In-house interim moni-
toring is performed by the Data Center to ensure data submis-
sion, patient eligibility, protocol compliance, safety and
on-schedule study progress. The monitoring reports are sub-
mitted to and reviewed by the DSMC every 6 months.

REGISTRATION OF THE PROTOCOL

The protocol was registered at the website of the University
Hospital Medical Information Network (UMIN), Japan
(protocol ID UMINO000005586), on 11 May 2011. The
details are available at the following web address: http:/
www.umin.ac.jp/ctr/
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Center Komagome Hospital, Tokyo Medical Center, Keio
University Hospital, St. Luke’s International Hospital, Tokai
University School of Medicine, Kanagawa Cancer Center,
Kitasato University School of Medicine, Yokohama Rosai
Hospital, Niigata Cancer Center Hospital, Shizuoka General
Hospital, Aichi Cancer Center Hospital, Nagoya Medical
Center, Kinki University School of Medicine, Osaka
National Hospital, Okayama University Hospital, Kure
Medical Center Chugoku Cancer Center, Fukuyama Medical
Center, Hiroshima City Asa Hospital, Shikoku Cancer
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Routine Clinical Use of the One-Step Nucleic Acid
Amplification Assay for Detection of Sentinel
Lymph Node Metastases in Breast Cancer Patients

Results of a Multicenter Study in Japan

Yasuhiro Tamaki, MD'; Nobuaki Sato, MD?; Keiichi Homma, MD?: Daisuke Takabatake, MD?# Rieko Nishimura, MD®;
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Kiyomi Taniyama, MD"; Takako Kamio, MD'?; Seigo Nakamura, MD'®; Futoshi Akiyama, MD'; Shinzaburo Noguchi, MD';
and the Japanese One-Step Nucleic Acid Amplification Study Group

BACKGROUND: The objective of this study was to confirm, by means of a multicenter study conducted in Japan, the
reliability and usefulness of the one-step nucleic acid amplification (OSNA) assay in routine clinical Use for sentinel
lymph node biopsy (SLNB) of breast cancer patients. METHODS: Patients with Tis-T2NOMO breast cancer who under-
went SLNB before systemic chemotherapy comprised the study cohort. A whole sentinel lymph node (SLN) was
examined intraoperatively with the OSNA assay except for a l-mm-thick, central slice of the lymph node, which
underwent pathologic examination after the operation. For patients who underwent: axillary dissection, non-SLNs
were examined with routine pathologic examination. RESULTS: In total, 417 SLNBs from 413 patients were analyzed.
SLN metastases were detected with greater sensitivity by the OSNA assay than by pathologic examination (22.5% vs
15.8%; P < .001), as expected from the difference in size of the specimens examined. Patients who had SLN metasta-
ses assessed with the OSNA assay proved to harbor non-SLN metastases with an overall risk ratio of 33.7%. The risk
of non-SLN metastasis was significantly lower for patients who had positive SLNs assessed-as OSNA+ than for those
who had SLNs assessed as OSNA4-+ (17.6% vs 44%; P = .012). CONCLUSIONS: The OSNA assay can be used for rou-

- tine clinical SLNB, and its assessment for volume of metastasis may be a powerful predictive factor for non-SLN me-
tastasis. Further studies with more patients are needed to confirm the usefulness of this assay for selection in the
clinical setting of patients who do not need axillary dissection. Cancer 2012;118:3477-83. © 20712 American. Cancer
Society.
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INTRODUCTION

Sentinel lymph node biopsy (SLNB) has been a
standard procedure for patients with early stage breast
cancer."” However, to date, the method for examining
sentinel lymph nodes (SLN) has not been standardized.
Hematoxylin and eosin (H&E) staining for multistep sec-
tions with or without immunohistochemistry for cytoker-
atin (CK) generally is recommended,’ although it is not
known how many specimens should be examined. To
overcome this problem, automated molecular detection
systems for lymph node metastases, such as the one-step
nucleic acid amplification (OSNA) assay (Sysmex, Kobe,
Japan) and the Geneseach breast lymph node (BLN) assay
(Veridex, Raritan, NJ) have been developed and are
receiving much attention recently.*” Several studies have
shown that these new tests can detect lymph node metas-
tases with the same statistically determined accuracy as the
conventional pathologic examination,®' which indicates
that a molecular test may constitute an alternative to patho-
logy. However, in those previous studies, only half the
volume of a lymph node was examined with the molecular
test, because the remaining half was used for pathologic
examination as the standard procedure. Essentially, some
results obtained with the 2 methods are discrepant, espe-
cially when a lymph node harbors micrometastases. The
molecular test originally was supposed to examine a whole
lymph node with high sensitivity for detecting cancer depos-
its and also with much less labor than what is required for a
thorough pathologic examination of a great number of sec-
tions. Nevertheless, currently, pathology remains the gold
standard, and using the molecular tests may generate some
anxiety about, for example, technical failure and mechanical
trouble. How to use the molecular tests for SLNB in the
daily clinical setting is therefore still controversial.

The OSNA assay, a molecular diagnostic system for
lymph node metastasis that detects cytokeratin 19
(CK19) messenger RNA (mRNA) of cancer cells, was
approved by the Japanese Ministry of Health, Labor and
Welfare in June 2008 and has been covered by the Japa-
nese National Health Insurance system since November
2008. In view of these developments, we conducted a
multicenter study of the clinical use of the OSNA assay
for SLNB, in which most of an SLN was examined with
the OSNA assay, and only a central, 1-mm-thick slice of
the SLN was preserved as a permanent pathologic section.
The reliability and usefulness of the OSNA assay in clini-
cal use and the relation between the OSNA assessment
and the risk of non-SLN metastasis are described in this
report.

3478

MATERIALS AND METHODS

Study Design

The objective of this study was to determine the usefulness
of the OSNA assay for clinical use in SLNB of breast
cancer. The primary endpoint was to examine the superi-
ority of the OSNA assay for detecting metastases in SLN
compared with pathologic examination with H&E stain-
ing for a single SLN section. The secondary endpoint was
to investigate the relation between non-SLN metastasis
and the OSNA assessment for CK19 mRNA copy num-
bers in SLN. SLNs were detected using both radiocolloids
and blue dye, radiocolloids only, or blue dye only.
Removed SLNs were prepared according to the protocol
detailed below and were assessed immediately with the
OSNA assay. Patients had axillary lymph node dissection
(ALND) recommended when necessary according to
the OSNA assessment and/or other clinicopathologic
factors. The level of axillary dissection was determined
by the surgeon according to the patient’s condition and
institutional guidelines. Non-SLNs were examined with
a routine pathologic examination using H&E staining.
Each patient received appropriate postoperative adjuvant
therapy and/or radiotherapy based on the clinico-
pathologic findings and in accordance with guidelines if
necessary, and each patient was followed at the treating
center.

The study group comprised 11 hospitals, which are
the central institutions for breast cancer therapy and
research in each area of Japan. The study protocol was
approved by the institutional review board of each center.

Patients and Sentinel Lymph Node Biopsy

The enrolment for this study comprised patients with
tumor in situ (Tis) through T2, clinically lymph node-
negative primary breast cancer who underwent SLNB
between August 2009 and December 2010 at 1 of the par-
ticipating hospitals. Patients who had a preoperative diag-
nosis of ductal carcinoma in situ (DCIS) were enrolled in
the study when a surgeon judged SLNB was needed.
Patients who underwent SLNB before receiving preopera-
tive systemic chemotherapy (PSCT) also were eligible for
the analysis of sensitivity of the OSNA assay, although
those who received chemotherapy or hormone therapy
before SLNB were excluded from the study. Men
also were excluded. Patients received the necessary
information about the study, and only those who gave
their consent and underwent SLNB successfully were
enrolled.
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Figure 1. A T-mm-thick slice was cut out from the longitudinal
central part of the sentinel lymph node for staining with
hematoxylin and eosin (HE), and the remaining parts were
examined by using the one-step nucleic acid amplification
(OSNA) assay.

Preparation of Sentinel Lymph Nodes and the
One-Step Nucleic Acid Assay

Preparation of an SLN is shown in Figure 1. Fat tissue sur-
rounding the SLN was trimmed off. A 1-mm-thick slice
was then cut out from the longitudinal central part of the
SLN, fixed as a permanent section for staining with H&E,
and examined postoperatively by a pathologist at one of
the hospitals. The remaining part of the lymph node was
immediately examined with the OSNA assay by labora-
tory technicians at the hospitals in the manner described
previously.”

An SLN was assessed with the OSNA assay accord-
ing to the cutoff level of calculated CK19 mRNA copy
numbers per microliter determined by Tsujimoto et al,
and the results were reported according to the manufac-
turer’s instructions: that is, as negative (<2.5 x 10* cop-
ies/uL), + positive (>2.5 x 107 and <5.0 x 10° copies/
uL), ++ positive (>5.0 x 103 copies/pL), or positive +i
(inhibited in the regular sample and >2.5 x 10* copies/
uL in the diluted sample).*

Statistical Analysis
Sensitivity of the OSNA assay and of pathologic examina-
tion for the detection of metastasis was compared and ana-
lyzed with the McNemar test. The risk of non-SLN
metastases for OSNA-positive patients was calculated
with the chi-square test.

RESULTS

In total, 439 patients, including 9 women with bilateral
breast cancer, were enrolled in this study. Five of the 9
women with bilateral disease underwent unilateral SLNB,
and the remaining 4 women underwent bilateral SLNB,
and the biopsy specimens were examined with the OSNA
assay. Twenty-one of the originally enrolled patients were
excluded from the analysis because of significant viola-
tions against the study protocol, including 8 patients who

Cancer  July 15, 2012

Table 1. Patient Characteristics

Characteristic No. of Patients {%)
Average age [range], ¥ 56.1 [25-90]
Menopausal status

Premenopausal 169 (40.9)

Postmenopausal 243 (58.8)

Unknown 1(0.2)
Clinical tumor classification

Tis 50 (12)

T 254 (60.9)

T2 111 (26.6)

T3 2 (0.5
Timing of SLNB

Preoperative 47 (11.3)

Intraoperative 370 (88.7)
Method of SLNB

Dye only 107 (25.7)

Rl only 51 (12.2)

Dye and Rl 259 (62.1)
Operation

Total mastectomy 156 (37.4)

Partial mastectomy 248 (59.5)

Others 2 (0.5

Surgery after PSCT 11 (2.6)
Axillary dissection
Not done 305 (73.1)
Level | only 49 (11.8)
Levels | and 1l 52 (12.5)
Unknown?® 11 (2.6)
Pathologic type
Ductal carcinoma in situ 53 (12.7)
Invasive ductal carcinoma 305 (73.1)
Invasive lobular carcinoma 24 (5.8)
Others 25 ()
Unknown 10 (2.4)
Tumor grade
1 183 (43.9)
2 110 (26.4)
3 70 (16.8)
Unknown 54 (12.9)
Hormone receptor status
Positive 335 (80.3)
Negative 66 (15.8)
Unknown 16 (3.8)
Her2 status
Positive 51 (12.2)
Negative 334 (80.1)
Unknown 32 (7.7)
Lymphatic invasion
Positive 30 (7.2)
Negative 376 (90.2)
Unknown 11 (2.6)

Abbreviations: Her2, human epidermal growth factor receptor 2; SLNB,
sentinel lymph node biopsy; PSCT, preoperative systemic chemotherapy;
Tis, tumor in situ; R1

@ Patients received PSCT after SLNB.
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received PSCT before SLNB, 10 patients who were not
examined with the OSNA assay, 2 patients whose central
sections of the SLN did not undergo pathologic examina-
tion as a permanent specimen for H&E staining, and 1
patient who was a man. Two patients who had benign
intraductal papilloma confirmed after surgery, 1 who had
with a clinical T4 tumor, and 2 who had clinically evident
axillary lymph node metastases also were excluded because
they did not meet the general criteria for SLNB candi-
dates. Conversely, 2 patients who had T3 tumors that
finally were diagnosed as DCIS and T1, invasive cancer
were included. The final total enrolment was 413 patients
who had 417 SLNBs eligible for analysis.

In total, 775 SLNs were obtained from 417 SLNBs,
and the average number of SLNs was 1.86 (1-7 SLNGs) per
patient. Of those, 762 SLNs (98.3%) were examined suc-
cessfully with the OSNA assay. In 5 biopsies that had mul-
tiple SLNs, >4 excess lymph nodes were assessed by

Table 2. Comparison of the One-Step Nucleic Acid Assay
With Pathology?

Pathology
OSNA Assay Positive Negative Total
Positive 58 36 94
Negative 8 315 323
Total 66 351 417

Abbreviations: OSNA, one-step nucleic acid amplification.
2P <.001 (McNemar test).

Table 3. Summary of Discordant Cases Between the

SLN Metastasis

OSNA Assay Pathology

Negative, n = 8

Positive, n = 36 Negative, n = 34

ITC, n=2°

Positive (macrometastasis), n = 1
Positive (micrometastasis), n = 7

means of pathology (total, 13 SLNs). One hundred and
one patients underwent ALND, including 49 patients
who underwent level 1 dissection and 52 patients who
underwent level I and II dissections. Of those, 86 patients
had positive OSNA assessments, and 15 patients had neg-
ative OSNA assessment. Seven OSNA-negative patients
underwent delayed ALND based on pathology results af-
ter primary surgery. The final axillary status of 11 patients
who received PSCT after SLNB was unknown. Patient
characteristics are summarized in Table 1.

Of 417 SLNBs, including 11 from patients who
received PSCT after SLNB, the OSNA assay identified
SLN metastases in 94 biopsies (22.5%), and pathologic
examination of a single section identified SLN metastases
in 66 biopsies (15.8%) (Table 2). Thus, the OSNA assay
detected significantly more metastases than pathologic ex-
amination of a single H&E-stained section (” < .001), as
expected, because most of each SLN was examined by
means of the OSNA.

There were 44 results that were discordant: that is,
there were 36 OSNA-positive/pathology-negative (O+/
P—) sections and 8 O—/P+ sections (Table 3). In 7 of the
O—/P+ patients, only micrometastases were identified in
the SLN, and macrometastasis was identified in 1 SLN
with a tumor in which further immunohistochemical
analysis revealed a low level of CK19 protein expression.
Isolated tumor cells were identified in SLNs from 2 of the
36 O+/P— patients, and non-SLN metastases were

One-Step Nucleic Acid Assay and Pathology

Non-SLN
Metastasis

Pathologic Diagnosis
of the Main Tumor?®

Positive, n = 1 IDC, n =12
Positive, n = 1 IDC, n =1
Negative, n = 5 IDC,n=23
MUC, n = 2
Not assessed, n = 1 IDC, n =1
Positive, n = 6 IDC,n =14
ILC, n =1
Unknown, n =1
Negative, n = 27 IDC, n = 17
ILC,n=3
DCIS, n =6
Others, n =1
Not assessed, n =1  Unknown, n =1
Positive, n = 1 IDC, n =1

Not assessed, n = 1

Unknown, n = 1

Abbreviations: IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; ILC, invasive lobular carcinoma; ITC, iso-

lated tumor cells; MUC, mucinous carcinoma.

®Cytokeratin 19 was not detected with immunohistochemistry in the main tumor.

3480

Cancer

July 15, 2012



Routine Clinical Use of the OSNA Assay/Tamaki et al

Table 4. The Risk of Nonsentinel Lymph Node Metastasis in One-Step Nucleic Acid Assay-Positive Patients Who Undergo Axillary

Dissection
Axillary Dissection
OSNA Assay No. Level | No. Levels I+l P
Results®
Positive 40 46
+ 18 16 421
e 22 28
+i 0 2 -

Non-SLN Metastases

No. Positive No. Negative % Positive P
29 57 33.7

6 28 17.6 012
22 28 44.0

1 1 50.0 -

Abbreviations: OSNA, one-step nucleic acid amplification; SLN, sentinel lymph node.
@ Positive OSNA results were scored as + (>2.5 x 102 copies/uL and <5.0 x 10° copies/pL); ++ (>5.0 x 10% copies/uL), or i+ (inhibited in the regular sample

and >2.5 x 10 copies/uL in the diluted sample).

identified in 7 patients. Therefore, in total, 9 of the O+/
P— patients (25%) harbored cancer cells in either SLNs
or non-SLNG.

Of the 86 OSNA-positive biopsies from patients
who underwent axillary dissection, 34 were assessed as +,
50 were assessed as -+ and 2 were assessed as +i. In total,
18 of 34 patients with OSNA + results and 22 of 50
patients with OSNA ++ results underwent Level I
ALND alone. There was no relation between the level of
ALND and OSNA assessment (P = .421). Six patients
(17.6%) who had OSNA + results and 22 patients (44%)
who had OSNA ++ results had non-SLN metastases (Ta-
ble 4). The risk of non-SLN metastasis was significantly
lower for patients who had positive SLNs assessed as
OSNA + versus those who had SLNs assessed as OSNA
++ (P=.012).

DISCUSSION
It has been demonstrated that the OSNA assay has the
same capability for detecting lymph node metastasis as

-1
1 However, only

conventional pathologic examination.
a few studies have presented data regarding clinical use of
the assay. 11 our study, most of each SLN was examined
intraoperatively by using the OSNA assay, and the deci-
sion whether to perform axillary dissection was based in
principle on the assay results. Only a single 1-mm-thick,
central slice of the lymph node was used for pathologic
examination. Therefore, we expected that the OSNA assay
would have higher sensitivity for SLN metastasis than
pathologic examination, and the results were as expected.
There were some discordant cases in our study, which also
was expected, because this is inevitable when 2 modalities
are used to examine different parts of the lymph nodes. Of
the 44 discordant results, 8 were OSNA-negative, in
which postoperative pathologic examination identified

Cancer  July 15, 2012

metastasis. In the 7 patients who had micrometastasis
identified, discordance may have occurred because of the
uneven allocation of minuscule metastases in an SLN.
However, in 1 patient with macrometastasis, low expres-
sion of the CK19 protein in the main tumor was con-
firmed as the result of further immunohistochemical
examination performed by a pathologist at the concerned
hospital. The incidence of low expression of the CK19
protein in breast cancer was reported previously as
1.6%.'¢ However, the expression of protein and mRNA
can be expected to be different, especially between the
main tumor and metastatic sites. In fact, the reported inci-
dence of discordance between OSNA and pathology
caused by low expression of CK19 mRNA is very low,
from 0.2% to 0.5% of examined lymph nodes in previous
studies”? and 0.1% of examined lymph nodes and 0.2%
of all patients in our study. Lack of CK19 expression is
associated significantly with the triple-negative (estrogen
receptor negative, progesterone receptor negative, and
human epidermal growth factor receptor 2 [Her2] nega-
tive) phenotype.'” Some adjuvant chemotherapy is likely
to be used for such patients based on other factors,
although SLN is assessed as negative by the OSNA
because of low expression of CK19. Therefore, this false-
negative aspect may have only a minimal effect on
patients’ clinical prognosis, because pathologic examina-
tion of 1 preserved slice of the lymph node can negate
such an effect.

Conversely, there were 36 O+-/P— discordant cases,
including 2 with isolated tumor cells in the SLNs that
were assessed by pathology. Of the 34 patients who under-
went axillary dissection, non-SLN metastases were identi-
fied in 7 patients. The OSNA assay had made an accurate
assessment of these patients. It is interesting to note that
there were 6 patients with DCIS among these O+4/P—
cases. Microinvasion was suspected in a core-needle
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biopsy specimen from 1 patient. Two patients had wide-
spread DCIS that measured >6 cm, and another had
multiple lesions. The remaining 2 patients had high-grade
DCIS. Ansari et al reported in their review that the esti-
mated incidence of SLN metastases in patients who had a
definitive diagnosis of DCIS alone was 3.7%."® Thus, the
OSNA assay can detect metastases with high sensitivity
even in tumors diagnosed pathologically as DCIS, and
such findings may result in an upgrade of the clinical stage
of such tumors.

The clinical significance of micrometastases in
SLNs is controversial. de Boer et al reviewed 58 studies
concerning this issue and concluded that the presence of
metastases measuring <2 mm in greatest dimension in
axillary lymph nodes detected on single-section exami-
nation was associated with poorer disease-free and over-
all survival.'” Reed et al reported the results from a
prospective study indicating a significant association
between SLN micrometastasis and distant recurrence.*’
Conversely, Hansen et al reported that micrometastatic
tumor deposits in SLNs, pNO(i+) or pN1mi, detected
by H&E staining or immunohistochemistry do not
have clinical significance for disease-free or overall sur-
vival.*! In the study, >90% of patients with microme-
tastases received adjuvant systemic therapy, although
only 66% of those without metastases received such
therapy. Weaver et al reported that occult metastases
were detected by means of further examination using
immunohistochemistry in 15.9% of patients with
pathologically negative SLNs who were enrolled in The
National Surgical Adjuvant Breast and Bowel Project
trial B-32.*2 That report revealed significant differences
in overall survival, disease-free survival, and distant-dis-
ease-free survival between patients with and without
occult metastases. Nevertheless, the authors concluded
that the data did not indicate a clinical benefit of addi-
tional evaluation, including immunohistochemical anal-
ysis, of inidally negative SLNs, because the magnitude
of the difference in outcome was so small. However,
tumor size, endocrine therapy, and radiation therapy
were independent prognostic factors of death or distant
disease in the patients studied, which may have reduced
the difference in prognostic outcomes. Results from the
Micrometastases and Isolated Tumor Cells (MIRROR)
study also indicated that both isolated tumor cells and
micrometastases in axillary lymph nodes were associated
significantly with a worse prognosis for patients who
have favorable, early stage breast cancer who did not
receive adjuvant systemic therapy.”> That report indi-
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cated that adjuvant systemic therapy could improve the
5-year disease-free survival of such patients with micro-
metastases with a gain in 5-year disease-free survival of
nearly 10%. Thus, a precise initial evaluation of SLN
metastasis is important for the accurate assessment of
clinical stage and the appropriate selection of adjuvant
treatment for each patient. The OSNA assay, which can
evaluate the volume of metastases in SLNs semiquanti-
tatively, is a useful tool for an accurate assessment of
clinical stage of breast cancer patients.

The original objective of SLNB was to avoid axillary
dissection and reduce postoperative adverse morbidity for
patients without axillary lymph node metastasis. Giuliano
et al indicated that axillary dissection may not be needed
even for patients with 1 or 2 positive SLNs who have
undergone breast-conserving surgery with postoperative
whole-breast radiation and systemic adjuvant therapy, as
indicated by the results from the American College of
Surgeons Oncology Group Z0011 study.>* However, it
remains unknown whether axillary dissection also may be
omitted for patients who have >3 positive SLNs and for
those who have positive SLNs and undergo total mastec-
tomy. Therefore, accurate clinical staging and selection of
patients who do not need axillary dissection remain the
goals of SLNB. Previous reports indicated that approxi-
mately 60% of patients with positive SLN did not have
any non-SLN metastasis”>*® and that such patients basi-
cally did not need axillary dissection. In our study, 66.3%
of patients who had SLN metastases identified by the
OSNA assay did not have non-SLN metastases. Con-
versely, 17.6% of patients with OSNA+ results and 44%
of patients with OSNA-++- results had non-SLN metasta-
sis, which are ratios similar to those previously reported
(range, 13%-22% for patients with SLN micromertastasis;
45%-79% for patients with SLN macrometastasis’’ ), and
such patients may have suffered axillary recurrence
because they underwent total mastectomy and did not
undergo axillary dissection. Thus, how to select patients
with a high or low risk of non-SLN metastasis remains an
important issue for the use of SLNB. The tumor volume
in SLN is considered a significant factor for the prediction
of non-SLN metastasis.”>>"*® It is easy to assess tumor
volume in SLNs semiquantitatively with the OSNA assay,
and this ease of operation constitutes a major advantage
over conventional pathologic examination. Data from
larger numbers of patients are expected to determine the
appropriate cutoff level of the OSNA assay for the selec-
tion of patients who do not need additional axillary
dissection.
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